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THE ORIGIN OF THE BERGER RHYTHM. 


BY E. D. ADRIAN AND K. YAMAGIWA. 


[IN a recent paper Adrian and Matthews (19344) have discussed the 
rigin of the Berger rhythm, the characteristic oscillation of electric 
potential on the surface of the head reported by Hans Berger in 1929. 
[t consists of a series of waves with a frequency of about 10 a second, 
ind an amplitude of 0°05-0°1 millivolts, appearing when the subject is 
it rest with eyes closed and disappearing when the eyes are opened or 
when the attention is fully engaged. Berger (1929-35) has shown that 
the potential waves originate in the brain and has made a detailed study 
of the factors which influence them. Adrian and Matthews repeated 
and confirmed many of Berger’s observations but gave a different inter- 
pretation of the rhythm. This was based on the view that the activity 


responsible for the potential waves is confined to the occipital lobes, 


whereas on Berger’s interpretation the whole cortex is involved. The 
present work was undertaken to supply more definite evidence on this 
juestion, since it is of critical importance in deciding the nature of the 
rhythm 
Berger supposes that every part of the cortex, when active, gives rise 
to potential waves at 10 a second. The disappearance of the rhythm 
when the eyes are opened is due to a widespread inhibition, the excitation 
of a part of the brain causing an inhibition elsewhere with the result 
that the potential changes (though actually larger in the excited region) 
ire no longer perceptible through the skull. This view depends on the 
fact that the potential waves can be detected in almost any part of the 
scalp. It was criticized by Ténnies (1953) on the ground that the 
potential changes, though perceptible elsewhere, appear to arise only 
from the occipital part of the brain. Adrian and Matthews, for the 
same reason, suggested that the rhythm is a spontaneous or resting 
lischarge from a large group of neurones in the occipital lobe, neurones 
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mainly concerned with vision. When the eyes are shut these are left 
undisturbed and are free to beat in unison at their natural period ; 
when the eyes are opened the different units must work at different 
rates and a synchronous beat is no longer possible. 

\drian and Matthews argued for an occipital origin because the 
potential changes are much greater over the occipital part of the head 
than over the frontal. They argued that the active region must be 
concerned with vision (a) because the rhythm is abolished far more 
effectively by visual stimuli than by any other kind, and (+) because 
exposing the eyes to a flickering field gives rise to potential waives 
with the same general distribution over the head but with the frequency 
of the flicker instead of the usual 10 a second frequency of the Berger 
rhythm. ‘They found, however, as Berger had done, that the waves 
secorded simultaneously from two different parts of the skull were not 
always in phase and might change their phase relation from time to 
time. ‘To acconnt for this they had to suppose that the focus of the 
activity was not at a fixed point, but might shift over a fairly wide 
urea at the back of the head. ‘The extent of the area was not decided, 


but it was recognized that the next step must be to map it as accurately 
is possible, and that no explanation of the rhythm could be considered 


satisfactory until this had been done 

The present work is concerned primarily with this question of the 
localization of the focus of activity and the extent of its movement 
Our method has been to map out the distribution of potential over the 
head from moment to moment by recording simultaneously from 
different points with three and sometimes four oscillographs Our 
conclusion is that the Berger rhythm is commonly due to an activity 
which has a focus in the occipital region of each hemisphere. In some 
ndividuals the focus seems occasionally to overstep the limits of the 
ecipital lobe, but asa rule it is confined to this lobe, shifting its position 
from time to time. Although the beat may arise within a relatively 
large area we do not think that the explanation put forward by Adrian 
ind Matthews needs to be modified except in some unimportant details 


METHOD 


The apparatus used for mapping the potential gradients consists of 
four separate amplifiers and oscillograph systems arranged to record 
simultaneously on bromide paper. It is almost identical (apart from 
the introduction of a fourth oscillograph) with the three oscillograph 
systems used by Adrian and Matthews (19540) for mapping potential 
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distributions on the exposed cortex of animals. The essential feature in 
each of the amplifier sets is the balanced (push-pull) input stage intro- 
duced by Matthews (1934), for this avoids the necessity of earthing one 
of each pair of electrodes. As arule a small coupling condenser (0°1 mf.) 
was used in each amplifier to prevent slow movements of the base line, 


but, as this would lead to some distortion of the waves, controls were 


Fic. 1 Four oscillographs connected with the same pair of electrodes. The records 
hould be identical, but the top tracing is made by an ink-writer oscillograph of low period 
ind does not show the small, rapid deflections present in the others. Subject sitting with 
eyes closed. The maximum potential change is about 70 microvolts. Time marker (above) 

ur spaces equal one second. 


made from time to time with large condensers (2 mf.) in place of the 
small. Three of the oscillographs were of the Matthews optical type 
oOo00 


period about 1 second). The fourth was a Matthews ink-writer 


scillograph (period j, second) with a light pointer attached to the 
vriting arm and arranged to throw a shadow at the side of the film. 
Sensitivity was adjusted by a tapped volume control in each set. The 
performance of the system can be judged from fig. 1, where all four 
scillographs are connected to the same pair of electrodes and should 


vive identical records. The ink-writer oscillograph cannot follow the 


most rapid excursions and sometimes lags behind the others when there 


=== 


. 2.—Diagram of electrode rubber slab; T, glass tube; W, spiral of silver wire 
vated with silver chloride : cotton-wool in gelatin ; R, rubber guard ring. 


s a sudden large movement. In spite of this it has been of great value 
to have records from four sets of electrodes instead of three only. 

The electrodes were moist pads held in contact with the scalp by a 
‘ubber bandage. After trying various forms we found that the most 
‘onvenient was that shown in fig. 2. A short length of glass tube 





326 ORIGINAL ARTICLES AND CLINICAL CASES 


7 mm. in diameter is plugged with cotton wool and filled with gelatin 
jelly made up with saline. At the closed end of the tube is a coil of 
silver wire coated with silver chloride. The cotton wool protrudes 
from the open ends and is moistened before use with saline, but the 
moisture is prevented from spreading over the sca!p by a rubber ring 
surrounding the end of the tube. The electrode is held in a rectangular 
slab of rubber which can be bandaged to the surface of the head. A 


photograph showing six of these electrodes in position is given in fig. 3 


Electrodes in position along median line in kK.Y. 
k 


In the earlier experiments the subject, either K.Y. or E.D.A., sat 


with the head resting on a pillow to allow the neck muscles to be relaxed 


The experimenter gave the order to open or close the eyes and recorded 


the onset and failure of the rhythm as well as its course whilst the 
eves were closed. Many long records were taken on slowly moving 
paper to detect occasional abnormalities in the potential distribution. 
To m ip out the gradients in the back to front direction the electrode 
were arranged in the mid-line and the distance of each from the nasios 
was measured in inches.'’ Dr. Barclay kindly made X-ray photographs 
of our skulls in the median plane and from these contour diagrams 
were made on which the correct position of the electrodes could b¢ 

ire to Measure in centimetres we can ouly offer the inadequate excuse that 


ur tape measure gave only inche 
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marked. These diagrams are attached to most of the records which 
follow. Six other subjects were investigated by the same method after 
the details of the technique had been worked out on ourselves. 


RESULTS. DISTRIBUTION OF POTENTIAL IN THE MEDIAN PLANE. 


When the electrodes are arranged along the mid-line the records of 
the Berger rhythm always show long stretches in which the maximum 
electrical activity is clearly in the occipital region. Two such records 
ire given in figs. 4 and 5. The electrodes are spaced at intervals of 


oy OFS 


Potential waves of Berger rhythm in E.D.A. recorded with three oscillographs 
trodes in positions shown in skull diagram. Focus at 13 in. from nasion. 


t 


from elec 


Potential waves of Berger rhythm in K.Y. recorded with four oscillographs. 


2 to 3 in. and in both records the waves recorded from the hindermost 


pair of electrodes (bottom tracing) are in the opposite sense to the 
This is represented by the V-shaped 
The direction of the waves shows that the 


waves at the other two pairs. 
marks on the skull diagram. 
potential gradients on the scalp come to a focus near the electrode at 13 in, 
from the nasion. The reversal of the gradients of this point is not 
nough, in itself, to show that the maximum change occurs there: for 
f it were in the frontal region, the gradients would converge towards 


the occiput because the potential there would not change at all. But 


the maximum is certainly in the occipital and not the frontal region, 
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for the waves recorded with one occipital electrode and one on an 
indifferent part of the body are very much larger than those with a 
frontal electrode instead of the occipital. Further proof is given by the 
fact that the potential gradients become much steeper towards the back 
of the head. In fig. 5 this is not evident, for the oscillographs were not 


adjusted for equal sensitivity, but the relative sizes can be seen in their 


correct proportions in fig. 6 where all the oscillographs are equally 


sensitive and the electrodes are spaced at equal intervals. 
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1 electrodes at equal intervals. 


In figs. 4 and 5 the waves from each pair of electrodes preserve th 
same phase relation throughout the record but not the same relative 
size. Presumably the focus, i.e. the point at which the potential 
gradient is reversed, shifts slightly, though never enough to reverse the 
average gradient between any two electrodes. But in any long record, 
from E.D.A. or K.Y., there are periods when the focus shifts con- 
siderably. A shift in the caudal direction is illustrated in figs. 7 and & 
which are from the same experiments as figs. 4 and 5. In both of these 
the gradients during the first part of the record come to a focus at a 
point some distance above the external occipital protuberance, but in 
the latter part the focus seems to have moved round towards the base 
of the skull, for the waves from the lowest pair of electrodes are now 
in phase with the others 

Clearly the first point to decide is how far the focus can shift in 
either direction. We cannot follow it round the base of the skull, for 
as soon as the lowest electrode comes to lie on the neck muscles it 
leads in effect from the whole undersurface of the skull; but the limit 
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upwards and forwards can be determined by taking long records with 
various spacing of the electrode. Our first attempts to do this gave 


uncertain results, for we used electrodes spaced too far apart. It will 
be seen from the diagram in fig. 9 that with wide spacing the gradient 


Movement of focus downward. Record from E.D.A. 


Fic. 8.—Movement of focus downward. Record from K.Y 


may seem to reverse at a considerable distance from the true focus. 
However, it is quite possible to work with the electrodes close together 
and to explore the whole circumference of the head systematically with 


four or five electrodes in line one inch apart. By this method it was 
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found that over the whole line from about 5 to 12 in. from the nasion 
in K.Y. and 5 to 104 in. in E.D.A. the waves, if appreciable at all, were 
Behind the 12 in. point and sometimes in front 


in the same direction. 
of the 5 in. point the waves might be reversed, though in the frontal 
region they are so small that the electrodes must be spaced further 


apart to give a clear record of them. 


),—Error in estimation of focus due to wide spacing of electrodes. Black line gives 


true potential gradient, dotted line observed gradient Hypothetical case. 

We shall deal first with the reversal area at the back of the skull 
where the gradients are steep. Though the forward limit is 12 in. in 
K.Y.and 103 in. in E.D.A. it was only on rare occasions that the reversal 
point was further forward than 13 in. in K.Y. and 113 in. in E.D.A. 


Fig. 10 gives a sample of the type of record on which this conclusion is 
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with electrodes closely spaced Focus at 13 in. from the 


nasion 


based In record A the waves in the region between 10 and 13 in. are 
always in phase and remained so throughout a record lasting for several 
minutes. In record B they are in phase at 11-12 and 12-13 in., and 
opposite in phase at 13-14, and in C the waves at 13-14 and 14-15 in. 
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go together and are opposite in phase to those at 12-13. The focus is 
therefore at 13 in. ; though in both the latter records there were periods 
(not shown in the figure) when the waves were in phase in all three 
oscillographs, the focus having shifted downwards as in figs. 7 and 8. 
The extent, in E.D.A. and K.Y., of the occipital region in which the 


reversal may occur is shown on the skull tracings in fig. 11. The differ- 


FiG. 11.—Tracings of X-ray photographs of skull from E.D.A. and K.Y., showing the 
region within which the maximum potential change is found. 


ences between us seem to be mainly due to the difference in the shape 
and size of our skulls, for the distance from nasion to inion is 13 in. less 
n E.D.A. than in K.Y. 


Fic. 12 Record from K.Y., showing reversal of waves in the frontal region The 
scillograph from the frontal electrodes (white line) is working at greater sensitivity than 
the rest as the changes are very small 


The frontal area in which reversal sometimes occurs is not indicated 
in the figures. It is difficult to estimate its size, as the waves here are 
very small and may be obscured by action potentials from the facial 


muscles. A record showing the reversal in the frontal region is given 


in fig. 12 and it occurs in one place in fig. 6 (in both of these the elec- 





332 ORIGINAL ARTICLES AND CLINICAL CASES 


trodes were widely spaced). From experiments with closer spacing it 
does not appear that the reversal point was ever more than 5 in. from 
the nasion. In the six other subjects examined the same general dis- 
tribution of potential was found. In all of them the gradients were in 
the same direction over a length of 5-6 in. on the top of the head, the 


A.H. 


Fic. 13.—Tracing of X-ray photograph of A.H.’s skuil, showing region of maximum 
potential change. Compare with fig. 11. 
reversal occurring in the occipital region. In two of them, however, 
the focus was much more stable than in K.Y. or E.D.A., never moving 
far down towards the base of the skull and remaining within the narrow 
limits shown for one of them in fig. 13. The range of movement was 
not found to vary appreciably from one day to another, either in these 


cases or in those with the wider range. 
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Fic. 14.—Potential gradients along the mid-line of the scalp in K.Y., from various 
records, The shape of the curve near the maximum is conjectural. The potentials given 
are measured from the trough to the crest of the wave. 


The results in the case of K.Y. are summarized in the curves in 
fig. 14 which give the potential gradients for a number of waves selected 
at random. Since it is impossible, when the electrodes are closely 
spaced, to make simultaneous records covering the whole length of the 
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head, the curves do not always include the point where the gradients 
are reversed. ‘They show, however, that the gradients have the same 
general form in relation to the reversal point wherever this may be. 
Curves from the subject A.H. are given later in fig. 21B. 












DISTRIBUTION OF POTENTIAL ON THE LATERAL ASPECT OF THE 
SKULL. 








The potential gradients along the horizontal circumference of the 
head have been investigated in the same way by recording with three 
or four oscillographs. The electrodes were placed on a line drawn along 
either side of the head, from nasion to inion, or on a line parallel to this 







but an inch higher. 

In every subject examined it was found that if two pairs of electrodes 
were placed one on either side of the head at distances anywhere 
between + and 8 in. from the inion, the waves always had the same 
phase relation, the potential gradients converging towards the back (or 












Fic. 15.—Record from A.H., with electrodes arranged laterally. Focus on either side 
2 in. out from mid-line. 






front) of the head. The relative size of corresponding waves on either 





side was not constant, and occasionally the rhythm was present for a 
few beats on one side and absent or too small to detect on the other, 
but evidently the two sides are so closely linked that the phase relation 







cannot vary. 

When one side is explored in detail it is found, as with the records 
from the mid-line, that over most of the lateral aspect of the head the 
waves are always in phase. In the occipital region there is a reversal 
of tne gradient, usually at about 1 to 2 in. from the mid-line, A 
comparison of records made from either side of the head shows that as 
a rule there is a distinct focus of activity in either hemisphere. In 
fig. 15 the two foci are shown in a single record, but such records are 
uncommon, for with four oscillographs they can only be obtained when 
the -potential changes on either side of the mid-line are approximately 
equal and when two of the electrodes happen to lie very near to the focal 
The two foci are sometimes so close to the mid-line that they 














points. 





334 ORIGINAL ARTICLES AND CLINICAL CASES 


coalesce, and sometimes the potential is greater on one side and so masks 
the presence of a focus on the other. The diagrams in fig. 16 illustrate 
how these difficulties arise when the electrodes are widely spaced in the 
attempt to cover the whole region in a single record. But records from 
one side with closer spacing of the electrodes rarely fail to show a focus 


oO gl, lan, coe a, “llige,, Alien, 


focus owing to spacing of electrodes, asymmetrical 
gradients, &c. 


Frenlal 


Fic. 17.—Magnitude and direction of waves recorded laterally. The diagram is based 


on records from K.Y. and A.H It is not to scale and the focus is represented as stationary. 
Actually it may be in any position from the mid-line to 24 in. out. 


f activity somewhere near the mid-line and presumably, if there were 
enough oscillographs to make them, simultaneous records from the other 
side would show a focus there as well. 

From time to time the focus shifts laterally as it does vertically, the 
limit of outward movement being about 2 to 2} in. from the mid-line. 
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The shift is not necessarily symmetrical on either side, and as the 
potentials are often greater on one side than the other it is probable 
that the active areas may be unequal. We have not observed any 
reversal of the gradients in the frontal region, but as a rule it is 
impossible to detect any waves in the region between the centre of 
the forehead and 4 in. to either side. As with records from the median 
plane the gradients become progressively steeper towards the back of 
the head. 

These findings are summarized in the diagrams in fig. 17 for the 


two subjects K.Y. and A.H. 


ORIGIN OF THE POTENTIAL CHANGES. 


(a) Possible muscular origin.—Fig. 18 shows the regions of maximum 
potential change at the back of the head in the subject A.H. It imme- 
diately suggests two possible sources for the Berger rhythm. The 
active regions might be (a) the occipital lobes of the brain or (b) the 


occipital part of the epicranius (occipito-frontalis) muscle. It is true 


that the evidence for a cortical origin of the Berger rhythm is fairly 


Fig. 18.—Tracing of skull of A.H. viewed from behind, showing areas in which the foci 
are to be found. 


conclusive. Moreover, a peculiar type of muscular activity would be 
needed to produce the characteristic: wave form of the Berger rhythm 
and there is no reason to suppose that the epicranius muscle would 
develop such activity when the eyes are closed. There is, however, a 
simple way of deciding whether this muscle isconcerned. The epicranius 
is supplied by the 7th nerve and so in a case of facial paralysis (Bell’s 
palsy) the muscle will be paralysed on one side of the scalp but not on 
the other. Will this make any difference to the magnitude or direction 
of the potential waves recorded from either side of the head ? 

Only one case has been examined, but the results were quite definite. 
The paralysis had lasted six weeks and there was already a slight degree 
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of recovery in the facial muscles, but the movement of the scalp showed 
that there was no contraction in the occipitalis on the affected side when 
the patient was asked to raise his eyebrows, although on the sound side 
the contraction was well marked. In spite of the unilateral paralysis of 
the scalp muscle simultaneous records of the Berger rhythm from either 
side of the head gave the normal distribution of potential. ‘The waves 
from the right side of the head were nosmaller than those from the left. 
Even more conclusive is the fact that, as in normal subjects, there was 
a reversal of the potential gradient an inch or more from the mid-line 
on either side. The existence of a distinct focus to the right of the mid- 
Since this focus is immediately over the 


line can be seen in fig. 19. 
paralysed muscle we can safely rule out the epicranius as a source of the 


Berger rhythm. 


Fic. 19.—Record from E.T., with paralysis of right occipitalis muscle. Potential 


gradients as usual. During the record the change is greater on the right side than on the 


left. 

b) Cortical origin.—There is no reason to doubt the possibility of 
detecting cortical potential changes through the unopened skull, for 
Kornmiiller (1933) and Tonnies (1933) have shown that this can be 
done in animals. For the potential changes of the Berger rhythm the 
evidence for a cortical origin has been given in detail by Berger and 
confirmed by Adrian and Matthews. But the latter authors have 
pointed out that the potential distribution over the scalp may be modified 
considerably by the existence of a large defect in the bone. It is 
conceivable, therefore, that the distribution of potentials which we 
have found in the normal subject might depend on the physical 
properties of the medium enclosing the brain, i.e. the resistance of 
the skull in different parts, the presence of blood sinuses, etc. 

As against this there is the fact (a) that the distribution of potential 
is by no means constant, the focus shifting an inch or more in a single 
record ; and ()) that the resistance of the skull is not markedly less in 
the occipital region than elsewhere. Itis true that our evidence for the 
last statement is scarcely conclusive, for we have examined only two 
skulls and by a method of no great accuracy. Small cylinders of bone 
were removed from the skulls within forty-eight hours of death. A 
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cylinder of bone was set up in line with a cylinder of the same dimen- 
sions cut from a block of fixed animal tissue or of gelatin made up with 
saline, and three non-polarizable electrodes were arranged, two at the 
exposed ends of the cylinders and one leading from between their 
opposed faces. A potential of 0°05 millivolts was applied suddenly 
between the ends of the cylinders and the resulting potentials between 
the different electrodes were recorded by an amplifier and oscillograph. 
As the amplifier was condenser coupled only the initial value of the 
deflection was measured. By comparing the fall of potential over the 
two cylinders, it was found that the resistance of the bone was eight 
to fifteen times as great as that of the corresponding cylinder of 
tissue in saline ; but the resistance of the skull did not vary with its 
thickness and was evidently due to the denser outer and inner tables. 
In one case a cylinder from the occipital bone 5 mm. thick had a 
resistance 1{ times as great as a cylinder 8 mm. thick from the frontal 
bone of the same skull. 

The skull will therefore interpose a high resistance layer between 
the cortex and the scalp, and this will deprive the potential map of 
much of the detail and sharpness of outline which it would have if the 
electrodes were applied directly to the cortex. Yet, assuming that the 
skull resistance is uniform, a reversal of the potential gradients at a 


point on the scalp will imply a reversal in the cortex immediately 


beneath. There are, no doubt, irregularities in the skull resistance 
which might distort the scalp map to some extent, but hardly to the 
extent of shifting the whole region in which the reversals are found to 
occur.* 

We have attempted to check these arguments by establishing 
potential gradients within the skull and finding the corresponding 
distribution over the scalp. The observations were made on a cavader 
four days after death. To produce a potential change corresponding 
with what might be expected to occur in the cortex we used a disc of 
thin rubber 1} in. (3 cm.) in diameter covered on either side with copper 
wire gauze to which insulated wires were attached. The metal faces of 
the disc were connected with a coil placed over a rotating magnet and 
giving a potential oscillation of a few millivolts at a frequency of 10 a 
second. The disc was placed on the surface of the cortex in various 
regions and the dura, skull and scalp were closed over it, cracks in the 
bone being stopped with plasticine. Electrodes leading to the three 


1 See the valuable analysis of the current distribution through the skull given by Tonnies 


1933). 
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oscillographs were bandaged onto the head in the usual way and records 
were made of the potential waves in the scalp. 

The object of the experiment was to find out how closely the position 
of the disc could be located by records from the scalp. Those given 
in tig. 20 show that the localization is reasonably close. The scalp waves 
are reversed: (a) In the occipital; and () in the precentral region 
according to the position of the underlying disc ; and in (c) the focus is 
slightly to the right of the mid-line when the disc is slightly to the right. 
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Fic. 20.—Records from cadaver. Potential waves at ten a second, due to rotating 


generator connected to disc on cortex. Scalp electrodes and disc in positions shown in 


diagrams 
\. Centre of disc 11? in. from nasion. Gradient reversed at 11 in. 
B. Centre « . disc 6 in. from nasion. Gradient reversed at 54 in 
©. Centre of disc 4 in. to left of mid-line. Gradients reversed at 1 in. from mid-line. 


By exploring with electrodes close together it was found that a shift 
of 1 in. in the position of the disc could be readily detected. It was 
also found that there was no sign of distortion of the potential 
distribution on the scalp, either in the lateral or in the back to front 
direction. 

It is interesting to compare the potential gradients set up artificially 
with those occurring naturally. Fig. 21 A shows the potential gradients 
in the cadaver produced by an oscillation of 1°8 millivolts applied to the 
disc on the surface of the occipital lobe. The abscisse give the distance of 
the scalp electrodes from the nasion and the position of the disc. Fig.21 B 
gives the gradients for three waves of the Berger rhythm in the subject 
A.H. This subject was chosen for the comparison because in him the 
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steadiness of the focus enabled the electrodes to be placed in the best 
positions for mapping the gradient. The likeness between the two 


figures is remarkable; indeed the only clear difference is that the 


potentials are three times as large in fig. 21 A as in fig. 21 B. 

With the artificial system the potential change on the scalp between 
the front and back of the head is about one-tenth of that measured 
between the two sides of the disc (in situ). A ratiofrom 4 to 8 per cent. 


Microvolts 
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2 10 8 
Distance from Nasion (inches) 


Fic. 21.--Comparison of gradients produced artificially (A), and gradients during 
Berger rhythm from A.H. (B). Readings are given for three successive waves of the Berger 
rhythm. 


between the recorded and the applied potentials was found in another 
cadaver, using sudden potential changes instead of repeated waves. 
\With a disc ? in. (2 cm.) in diameter the ratio fell to about | per cent. 
Thus an active region 1} in. in diameter should give waves of the size 
found in the Berger rhythm (about 0°05 mv.) for a potential of 1 mv. 
or less between active and inactive regions on the surface of the cortex. 
This is well within the range of the potentials which can be recorded 
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from the exposed cortex in animals. It is true that the current distribu- 
tion round an active region in the cortex must be different in many 
respects from that round a metal-coated disc lying on the surface; it 
is satisfactory, however, to find that the artificial system does not need 
impossibly large potentials or an impossibly large active area to give 
potential waves of the right order on the scalp. 

Since there is no evidence of distortion due to the skull it must be 
concluded that the main focus of activity for the Berger rhythm is in 
the occipital part of the cortex. If there are other active regions as 
well, the potential changes due to them are not great enough to influence 
the gradients on the scalp in a recognizable way. There is the 
veccasional reversal in the frontal region, but this would be a natural 
consequence of a focus of activity in the lower part of the occipital 


region. Thecurrent flow in the scalp will converge towards the point of 


A B 
Fig, 22.—-Reversal of waves in frontal region due to neutral point there. In A the 


eutral point (N) is too far down, but in B the focus of activity has moved down and ths 
neutral point up. The frontal reversal would therefore appear. 


maximum potential change and must diverge from a neutral point 


opposite, as in fig. 22 A. Withsome of our subjects it appears that the 


ecipital focus is usually too high up and the neutral point too far 
down for the frontal reversal to appear, but it may do so when the 
occipital focus moves down to the position shown in fig. 22 B. This 
explanation agrees with the fact that the frontal reversal is only found 
when the region of maximum change shifts round towards the base of 
the skull: also with the fact that a frontal reversal was produced in the 


cadaver by moving the disc into the position shown in fig. 22 B. 


CORTICAL AREA RESPONSIBLE FOR THE RHYTHM. 


The extent of the area in which the maximum potential change can 
yecur has been shown already in figs. 11 and 13. In A.H. (fig. 13) it 
would correspond to an area on the cortex lying well within the margins 
of the occipital lobe, but in E.D.A. and K.Y. the area must extend 
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above the parieto-occipital sulcus. This may be seen from fig. 23 in 
which a map of the cortex is fitted to the X-ray tracing of E.D.A.’s 
skull. Although Area 19 rises higher laterally than in the midline it 
does not seem large enough to account for all the positions to which the 
focus may move. We must also reckon with the fact that the focus 
marks the centre and not the boundaries of the active region. The 
)bservations in the previous section show that the active region behaves 
is though it were concentrated into a disc 1 or 2 in. in diameter but 
t is quite possible that similar potential gradients would result if some 


f the active units were scattered over a larger area. 


‘ 
Map of cortex fitted to tracing of E.D.A.’s skull. 


It is probable, then, that the activity which gives rise to the Berger 
waves may extend beyond the margins of the occipital lobe ; indeed the 
focus itself may move outside the occipital area for a few beats. On the 
‘ther hand, for most of the time the maximum activity is strictly 


recipital ; in some individuals it must lie within the margins of the lobe 


for 99 per cent. of the waves, in others for 95 per cent. On rare 
yecasions we have found a single wave or a series of two or three in a 
long record arising, apparently, from a focus well outside the limits 
shown in fig. 11, though this occurs so seldom that we have not been 
satisfied that the result was not due to distortion from muscle action 
potentials, kc. But there is no doubt that the focus can shift over a 
considerable region which varies from one subject to another and does 
not seem to correspond precisely with a particular anatomical field. 
It is therefore unlikely that there is any hard and fast limit to its 
movement and all that can be said is that the great majority of the 
waves are produced in the occipital lobes. It is unlikely that many of 
the waves come from the striate area, for the focus is often as much as 
2 in. from the mid-line on either side. The magnitude of the potentials 
makes it unlikely that they are derived from regions below the cortex, 
for there the amount of short circuiting would be much greater. 
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MOVEMENTS OF THE Focuws. 


The way in which the focus may shift from place to place is con- 
sistent with the idea of a spontaneous beat arising within a large group 
of neurones. The shift often takes place suddenly, the potential 
distribution changing in the course of a single beat and showing no 
sign of a gradual movement from the old position to the new. This 
can be seen in the records in figs. 8 and 9, where there is a sudden 
base of the skull. But most records of the Berger 


shift towards the 
rhythm will show regions of periodic increase and decrease in the size 


of the waves, and during these there is often a gradual movement of 
the focus. An example is given in fig. 24 where the focus moves down 


gradually from a position above 12} in. to somewhere between 13; and 


t} in. If only one oscillograph were in use and the electrodes 
SS 868 6.8,8 8 8,078; evpsetetres owe o 
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Fic. 24.—Record from E.D.A., showing gradual movement of the focus 


were at 12} and 15; in. the maximum potential would be very large in 
the middle of the record where the waves from all three oscillographs 
are in phase and very small at the end where I and III are opposite in 
phase. Thus an apparent waxing and waning in activity, if recorded 
from one pair of electrodes, may be due mainly to a shift in the focus. 
Needless to say the changes in size of the waves are often due to 
genuine fluctuations in the activity of the cortex, depending probably 
on fluctuations in the number of neurones which take part in the beat. 
It is interesting to find that fluctuations in activity are often 
accompanied by a characteristic change in the nature of the beat. 
When this proceeds regularly with little variation in size, the maximum 
oscillation of potential occurs at a fixed point. The change in the 
nature of the beat is shown in fig. 25. The waves fall out of step with 
one another so that the crests and troughs no longer occur at the same 
moment in all three oscillographs. An analysis of the potential 











THE ORIGIN OF THE BERGER RHYTHM 343 








gradients in a series of such waves is given in fig. 26. There is no 
longer a stationary focus; instead each wave seems to pass along the 


line of electrodes, the focus of the activity occurring first at electrode 2, 
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25.— Records from E.D A., showing ‘‘ moving waves,” the crests and troughs no 
longer coinciding in all three oscillographs. 
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Fic. 26.—Potential gradients at different moments during a moving wave. Waves 
shown at A (record from K.Y), It is assumed that the potential remains constant at 
electrode I (63 in. from nasion) 









then at 3 and finally at 4, though by the time it reaches 4 the wave 





has almost subsided. 
From records of this kind it is usually impossible to give more than 
1 very rough estimate of the range of travel of the waves. In the 
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back to front direction a movement of at least 14 in. can certainly 
occur; we have no clear evidence of movement greater than 2} in., but 
to be sure of its presence or absence would need simultaneous recording 
from many pairs of electrodes. In the lateral direction the range is 
much the same. 

Moving waves appear more often in certain individuals: more in 
K.Y. than in E.D.A. and more in E.D.A. than in A.H. But it seems 
probable that some movement might always be found if we could map 
out the potential distribution in greater detail. Thus in K.Y. if one 
pair of electrodes happens to lie immediately over the focus of activity 
the potential gradient between these two electrodes usually undergoes a 
reversal in the course of a single beat, showing that the activity has 
begun near one of them and has moved over to the other before the beat 


RN OK A WRT 
DONNA 


TU UL oe Fie 2U) PoE 
Pin >» x sai og , 


a Ry “' 


ME ON) \ nN oe 


Record from K.Y., showing movement of focus and resulting asymmetry 
waves 


has subsided. A pronounced shifting to and fro of the focus naturally 
atfects the form of the waves recorded at more distant electrodes, making 
them rise and decline asymmetrically (c/. fig. 27). Whether movements 
of the focus account for all the irregularities in the wave form is another 
question, but clearly a great many can be explained in this way. 

We have, then, two distinct phenomena. The focus may move 
during each beat, the wave arising at one point and subsiding at another, 
and there may also be a shift, gradual or sudden, of the region in which 
the beat develops. Both kinds of movement might be expected in a 
region where all the units are ready to beat spontaneously and any of 
them may become the pacemaker. In fact the beats occurring in a 
fragment of the frog’s auricle, or in a mass of embryonic heart muscle 
show much the same tendency to spread asymmetrically and to start 


now from one point and now from another. 




















BERGER RHYTHM 





THE ORIGIN OF THE 























ATTEMPTS TO CAUSE MOVEMENT OF THE Focus. 

We have made various unsuccessful attempts to influence the position 
of the focus by producing activity in other parts of the brain. When 
the rhythm first appears after the eyes are shut the focus has shown no 
tendency to be in any particular part of the occipital area, and when the 
rhythm is abolished by opening the eyes the disappearance of the waves 
takes place without any significant change of focus. Again, there is no 
fixed tendency for the waves to appear or disappear sooner on one side 
of the head than on the other; we have made them disappear by uni- 
lateral stimulation, visual, tactile or auditory, but have found no clear 
difference in the records from the right and left occipital regions. 

The only definite result has come from complex activities which 
reduce the size of the waves but do not completely abolish them 


WS 
R 
. 
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Fic. 28.—-Reduction of active area by movement of focus towards the occipital pole 
during performance of a task needing great attention. Records from A.H. Above: normal, 
eyes closed. Below: writing alphabet with eyes closed. Electrodes arranged along hori- 
ontal circumference of head. 
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With these we have found a tendency for the active area to be con- 
fined to the neighbourhood of the mid-line instead of spreading out 
2 in. or more laterally. An example of this is illustrated in fig. 28. 
The subject (A.H.) was asked to write down the letters of the alphabet, 
keeping his eyes shut. As often happens with an unfamiliar task, at 
the first trial the waves were completely abolished and at the third they 
were scarcely affected, but at the second they were much reduced in 
size and there was a shift of the focus towards the occipital pole. In 
two other individuals it has been possible to make the active region 
shrink towards the mid-line by imposing a task sufficiently engrossing 
to reduce the size of the waves. The nature of the task seems to be 
immaterial, for listening to and memorizing a string of numbers was as 
effective as writing the alphabet. 






























ORIGINAL ARTICLES AND CLINICAL CASES 


THE PosITION OF THE Focus DURING SLEEP. 

Berger has shown that in deep sleep or in narcosis from various 
anesthetics the potential waves are reduced in size ard ultimately 
disappear. In these conditions some alteration of the focus might be 
expected. We have made records during sleep and have found no shift 
of the focus in the back to front direction. Unfortunately our records 
do not show whether there is any lateral shift. 

The subject, A. H., prepared himself by going to bed very late and 
rising very early. The observations were made on two afternoons, and 
on both he slept so soundly that he could only be woken by a repeated 
sharp noise or by a vigorous shaking. When the subject lay awake 
with closed eyes the waves were almost continuous (fig. 29 A), in lighter 


Fic. 29.—Failure of rhythm in deep sleep. Kecords from A.H. A, awake with eyes 
closed. B, light sleep. C, deep sleep. No alteration of focus. 
4—Lowest oscillograph from electrodes at 12 and 10} in. from nasion. 


B—Middle oscillograph from electrodes at 105 and 8} in. from nasion. 
C—Top oscillograph (scarcely visible) from electrodes at 84 and 6 in. from nasion. 


sleep they occurred in groups (fig. 29 B) and during the periods of very 


deep sleep they were completely absent (fig. 29C). As may be seen 
from the records the waves are always in phase from the three pairs of 
electrodes, i.e. over a region from 6 to 12 in. from the nasion. Waves 
recorded from electrodes at 12 and 14 in. from the nasion were opposed 
in phase to these whether the subject was awake or asleep. The focus 


therefore remains in its usual position as long as there are any waves 
to record. 
DISCUSSION. 

The foregoing results show that the Berger rhythm may arise 
within a fairly large area of the cortex, but they leave no doubt that the 
main source of the potentials is in the occipital region. The focus 
is nearly always confined to the occipital lobe, i.e. to an area which 
might well be set free to beat spontaneously when the eyes are closed. 
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Within this area the focus wanders about in the seemingly haphazard 
way which might be expected of a beat due to a large collection of 
neurones working in unison. Opening the eyes should increase the 
activity in the occipital area, but the excitation would not be uniform, 
the neurones would be forced to work at different rates, and a sychronous 
beat would become impossible. 

This conception of the rhythm has been discussed already by Adrian 
and Matthews and their arguments need not be repeated here, except 
to add that a non-uniform excitation might well involve a non-uniform 
inhibition of some of the units. This would, of course, contribute to the 
break up of the spontaneous beat. The alternative view that opening 
the eyes causes a direct inhibition of the whole active area cannot be 
altogether ruled out. It is possible, though very unlikely, that activity 
in the striate area might cause an inhibition over the rest of the occipital 
lobe. Published records from the exposed cortex in animals do not 
suggest that there is always an inhibited zone surrounding an excited 
striate area, but it is unsafe to argue from animals to man where vision 
is concerned. 

As regards the effect of non-visual activities, we have no evidence 
to show whether the abolition of the rhythm caused by mental exertion 
differs in any way from the abolition caused by opening the eyes. 
Berger considers that both are due to the concentration of attention in a 
particular brain field with inhibition everywhere else. Adrian and 
Matthews regarded visual stimuli as falling in a special category since 
they can abolish the rhythm without making much claim on the 
attention. They suggested widespread non-uniform excitation as the 
cause of failure in non-visual activity, but admitted other possibilities. 
The present results leave the question still undecided. 

There are, however, at least two cases where the abolition of the 
rhythm is almost certainly due to a diminished activity and not merely 
to a failure of synchronization. In deep sleep the rhythm disappears 
(fig. 29), and since all muscular tone and movement (save breathing) is 
absent, we may reasonably suppose that the cortical neurones have 
become less active. The failure of the rhythm in deep narcosis (found 


by Berger) must also be due to a genuine reduction in the activity of the 
Since in the case of sleep, there is no slowing of the rhythm 
before complete failure, it is probable that a small decrease of excitability 
is enough to prevent the development of the synchronous beat. It will 
be seen that two entirely different causes have been suggested to account 
for the failure of the rhythm, diminished activity during sleep and 


cortex. 
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increased but non-uniform activity when the eyes are opened. Both 
suggestions rest on indirect evidence, but it is not unreasonable to 


suppose that there is a great difference in the state of the cortex in the 


two cases. 

Since the potential gradients in the scalp are due, mainly at least, 
to potential changes in the occipital lobes, the failure of the rhythm 
must be due to a failure of these occipital potentials and not to a failure 
of potentials developed in other parts of the brain. There is, however, 
no reason to deny that other parts of the brain may contain groups of 
neurones which often beat at 10 a second. A frequency of this orde: 
is very commonly found in motor discharges and no doubt at any 
moment a large number of cortical neurones would be discharging at 
this rate.' But their activity would be inappreciable through the skull 
if they were scattered and not working synchronously in large enough 
groups. ‘To give adequate potential changes the neurones must form 
1 compact group covering an area several centimetres in diameter 
and working as a single unit. The neurones in the occipital lobe can 
behave in this way, but it seems that there is no other part of the brain 
in which so large an area can be freed from disturbing influences 

Since neurones may be forced to work synchronously by rhythmic 
stimuli we have tried to produce forced rhythms from other parts of the 
brain. But opening and closing the hand four times a second does not 
give potential waves of this frequency over the motor hand area and 
listening to a loud tick at 6 a second gives no corresponding rhythm 
over the temporal area. This lack of success is not surprising. The 
occipital area can be driven at different rates by a flickering visual field, 
but the rate and intensity must be very carefully adjusted and it is only 
with rates above 10 a second that the flicker rhythm appears without 
background disturbance. The areas involved in hand movement or in 
hearing are probably much smaller than that responding to flicker, and 
the procedures employed are less likely to induce definite rhythms. If 
rhythmic hand movements are carried out when the eyes are shut the 
frequency of the Berger rhythm is unchanged. Complex movements 
may cause a failure of the rhythm or a reduction of the active region, 
but there is no sign of any disturbance in the potential gradients in the 
region of the hand area. 


' There are several examples of a 10 a second rhythm from other parts of the cortex in 


abnormal circumstances. For instance, Dusser de Barenne finds regular waves at 10a second 
from the motor cortex when the outer layers have been killed by thermo-coagulation, and a 
series of large waves at frequencies between 15 and 5 a second can be produced in almost any 


part of the rabbit’s cortex by injury, electrical stimulation or convulsant drugs, 
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In every scalp record there are small, rapid oscillations of potential. 
‘These may be due in part to the cortex, but some are certainly muscle 
action currents and at present they seem to us to be too complex 
for analysis. Berger describes a definite series of small oscillations— 
the 4 waves—superimposed on the primary a waves of the 10 a 
second rhythm. ‘The frequency of the b waves is given as 35 a 
second. We have been unable to detect them in our records, perhaps 
because we have not used needle electrodes in the scalp, but we have 
often found small inflections on the main wave suggesting that there 
are two regions beating not quite simultaneously (cf. fig. 27). These 
are usually found in records in which the focus moves to and fro during 
each beat. They may well be due to differences in the duration and 
rate of spread of the activity in different parts of the occipital area; 
they may, in fact, be comparable to the inflections which appear in the 
electric response of a beating heart. At all events, if they are due to a 
double instead of a single focus in each occipital lobe, the two foci must 
be linked in some way, for the inflections do not increase and decrease 
regularly as they would if the rhythms were independent. 

In a conscious subject, therefore, the Berger rhythm 1s the only 
cortical potential change which we can clearly identify in a record from 
the scalp. Berger's recent work on epileptiform convulsions shows that 
the large potential waves which traverse the cortex can be readily 
detected through the skull, but these are products of an abnormal degree 
of synchronization. Their investigation will no doubt prove the most 
valuable outcome of Berger's discovery, for the occipital rhythm is 


disappointingly constant. The most interesting result which has 
emerged in the present work is that the focus of activity has a greater 
range of movement in some individuals than in others, though we have 


found no connection between the range of movement and any of the 
ybvious physical’ or mental characteristics of the individual. There 
are still many unsolved problems relating to the rhythm, e.g. the 
function of the neurones concerned, the effects of trying to see, the 


The degree of development of the muscles and soft tissues at the back of the head is no 
loubt one factor which limits the apparent range of movement. An electrode on the neck 
muscles leads from an indefinite area on the base of the skull and its potential will be that 
f a point some distance forward from the inion. Thus the waves recorded from a pair of 
lectrodes, one at 13 in. from the nasion and the other on the back of the neck, will be 
lways opposite in phase to the waves from the top of the head, even though the focus is 
yme way below the 13 in. point. In A.H. the soft tissues immediately below the inion are 
thicker than in K.Y. or E.D.A. and this may explain the limitation of movement of the 
us downward, but it cannot explain the whole difference. 
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relative importance of pattern in the field and of attention to it, «c. 
It was not to be expected that a survey of the potential distribution 
would throw much light on these problems. But a detailed survey had 
to be made, for without it there could be no certainty as to the general 
nature of the waves 

SUMMARY. 

Adrian and Matthews have recently discussed the nature of the 
Berger rhythm, the potential oscillations in the scalp which take place 
when the eyes are closed. Their interpretation was based on the view 
that the waves arise in the occipital lobes from a region chiefly con- 
cerned with vision; Berger explains them differently since he considers 
that they are due to the whole cortex. The present experiments were 
made to obtain more exact evidence as to the place of origin of the 
waves. The potential distribution over the head was analysed by 
recording simultaneously with three or four pairs of electrodes on the 
scalp. It was found that the potential change reaches a maximum in 
the occipital region, the focus of activity on either side of the mid-line 
moving about within an area which extends laterally for 2 to 24 in. and 
upwards from the inion for about 2 in. The range of movement varies 
with the individual. 

By setting up an oscillating potential within the skull (in a cadaver) 
and recording from the scalp it was found that an active region on the 
surface of the cortex could be located to within an inch by the method 
in use. Inequalities in the resistance of the skull did not produce 
appreciable distortion of the potential distribution in the scalp. We 
conclude that the focus of activity of the Berger rhythm is in the 
occipital part of the cortex, though it is probable that the activity may 
sometimes extend beyond the margins of the occipital lobe. 

Attempts to influence the position of the focus by activity in other 


parts of the brain have been mainly unsuccessful. The focus shifts 


from place to place in a way which agrees with the idea of & spon- 
taneous beat arising within a large group of neurones, and in fact the 
results are consistent with the view of Adrian and Matthews that the 
rhythm is due to the synchronous activity of neurones which are left to 
themselves when the eyes are shut. 

The failure of the rhythm when the eyes are open is presumably 
due to increased but asynchronous activity. But the rhythm may also 
fail from diminished activity of the cortex, as in very deep sleep o1 
narcosis. Apart from the waves of the Berger rhythm and the occipital 
waves induced by a flickering field (Adrian and Matthews) we have 
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found no clear evidence of potential changes in the scalp due to the 
activity of the cortex. ‘To give a reasonably large effect the neurones 
must act in unison over an area an inch or more in diameter. This 
can occur normally in the occipital lobe when the eyes are closed, but 
elsewhere it can only occur in conditions which favour an abnormal 


degree of synchronization, e.g. in epileptiform attacks. 
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OBSERVATIONS ON THE TERMINATIONS OF CUTANEOUS 
NERVES 
H. H. WOOLLARD 


wrt eu’'s Hospital Med 


THE purpose of the investigations about to be described was to 
discover by means of section and anatomical investigation further 
support, if possible, for the theory that the elementary sensations of 
pain, heat, cold, and touch have a punctate distribution in the skin. 

Our best thanks are due to Mr. A. McIndoe because he placed at 
our disposal his skill in cutting slices of skin at a thickness of 
about ,, mm. To Dr. Carmichael we are also indebted because he 
carried out most of the sensory tests 

Before undertaking the present investigation we had practised for 
a considerable time the identification of cold spots on the volar aspect 
of the left forearm of one of us. ‘This had gone on long enough to give 
us confidence that, once having identified a definite cold spot and 
marked it, subsequent retesting would elicit nearly every time the 
feeling of cold. 

The various nerve endings which form the anatomical basis of 
punctate sensation occupy presumably some definite position in the 
skin. These, by our method of successive slices, would sooner or later 
be cut away. At the point where the ending was cut away there would 


lie the nerve-fibre which bore the ending. It was not clear what would 


happen on stimulation of the cut end of the nerve-fibre, but it has been 


assumed that its stimulation would lead to the same change in con- 
sciousness, that is the sensation would be the same as if the ending 
were present. On the other hand the threshold for the stimulus to 
excite the cut nerve fibre might be so high that no impulse would occur. 
The experiment of cutting off the ending might emphasize the 
importance of the ending for sensation, but would not throw much light 
on how it acted. 

Other studies on the distribution of endings in the skin indicated 
that a fibre in the dermis might bear a large number of similar endings 
(over thirty coming from the same fibre have been counted) but these 
would be concentrated in a tiny area, less than that covered by the 
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instrument for testing cold for instance. Other collaterals from the 
same fibre might perhaps extend outside the area of investigation. 
Theoretically such a possibility might complicate our interpretations. 

If, however, cutting off the nerve ending did abolish the sensation 
evoked when normal skin was tested we might learn something about 
the anatomy of the removed ending, the position it usually occupied in 
the different layers of the skin, and at the same time find out, if the 
sensation were preserved, whether the experiment altered its punctate 
character. Finally, when the area was healed, testing and comparing 
the condition before and after operation would determine if the sensation 


returned to its original position. 


METHODS. 

We proposed first then to remove a succession of thin slices from an 
area of skin of which a map had been made by testing and marking 
the sensitive points. The area exposed after each slice was tested in 
the same manner as before, the stimuli being applied to the same 
points by superimposing the map of the sensory points obtained before 
the first operation. Each slice removed was marked in accordance 
with the map, and submitted to histological investigation. Then when 
all sensation except that of pain had been abolished the wound was 
allowed to heal, and when healed a map of its sensory points was 
compared with the original. 

The outer side of the thigh was chosen as it is relatively poorly 
endowed with the different kinds of cutaneous sensation. Heat spots 
are rare, cold widely separated, but pain and touch are so close that, as 
elsewhere, it is not easy by mere spotting to be sure of their punctate 
distribution. Heat being the most difficult to investigate and no well- 
defined spot coming within our chosen area it was decided to omit it 
from the present investigation. A rough square was outlined, shaved, 
and tested. 

For the identification of touch the finest von Frey hairs which 
would elicit the sensation with only slight bending were used. Five 


spots which responded definitely to this stimulus were marked. 

Cold spots were identified by using a copper rod with a blunt point 
about 1 sq. mm. in area. When touched by this instrument the subject 
could distinguish the sensation of contact without any feeling of cold, 


the sensation of contact with a delayed feeling of cold, or cold which 
was felt at once as a flash when the rod was applied. The last was 
regarded as acold spot. ‘Three such were marked. 
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Pain spots were sought with the end of a needle and the four which 
gave the sharpest and most intense sensation were chosen. 
rhe selected area was protected by gauze stuck down at edges with 
mastic and repeated tests were made to ensure the correctness of the 
marking. The results of the several tests were as follows: 
Sensatio 
5 Touch spots 


3 Cold Spots 
! Pain spots 


Frequently after testing the touch spots a sort of after image was 
experienced which lasted for about five seconds and felt as something 
crawling over the surface of theskin. The sensation of contact was best 
felt when the hair was applied and when it was withdrawn. Pain and 
cold spots gave no responses when touched with the hair. None of 
the pain or touch spots gave a sensation of cold when touched with the 


copper rod. Sometimes the application of the copper rod elicited the 
reply that the subject felt as though a cold bar had been placed on 


him and, when asked to point out the place where this was thought to 
be, he pointed to a region actually slightly distal to the area under 
observation. Pain was not elicited unless the needle was driven well 
into the epidermis. 

Mr. McIndoe now proceeded to shave off a thin slice of the skin 
This was done without any anesthetic. The operation was painless 
except for an occasional sharp twinge from particular spots which it was 
possible to compare with our skin map. We agreed that there was 
close correspondence between the pain spots marked on the map and 
the exclamations denoting the experience of sharp pain. No other 
punctate sensation was aroused. The cutting of this slice might 
be described as painless except for the pricking sensations above 
alluded to. 

The skin removed was divided into sizes suitable for examination 
by the gold chloride, silver and methylene blue methods. Blood oozed 
from many points on the exposed surface showing that the section had 
in places penetrated to the superficial layer of the dermis where the 
capillary plexus is situated. The slice was not uniform but was thicker 
towards the lower border and proximal margin. The cut was made 
from below upwards. 

The histological examination of the slice of skin removed showed 
that the knife had removed the epidermis in part. In most areas the 
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knife had passed through the deeper layers of the epidermis cutting 
across the apices of the papille in the corium. Towards the end of the 
cut the knife had gone deeper and the section included a fair amount of 
the capillary bed in the outer layers of the corium. The histological 


findings will be described later. 


4 sketch for the interpretation of the marked area on the thigh. 


Touch marked by a and numbered 1, 3, 4, 5. 


. 2 
Cold a me es 6, 7, 8. 
Pain x 9, 10, 11, 12. 


THE DrtTAILs OF SUCCESSIVE TESTINGS AS THE SKIN WAS 
REMOVED. 
The surface left by the first cut became covered with blood. This 
was mopped away and the area was immediately retested. By super- 
imposing our map the points previously marked were readily identified. 


BRAIN ) If 24 
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These gave the same responses as before the cut, the only difference 
being that pain was more intense. 

Twenty minutes later the raw area was again sliced through, Mr. 
McIndoe aiming to take off again a section about ;'5 m. thick. This 
was done without an anesthetic, but it was very much more painful 


than the first operation. ‘There was, of course, more oozing, but it was 
possible after a short time to test the area which had been exposed. 


Twenty minutes after this second operation the area was again tested, 
using the map as before. No cold spots were found, pain was intense, 
but touch was elicited from the regions previously marked as tactile. 
Twenty-four hours later, the cold spots were now present in the upper 
part of the area (6 and 7, fig. 2), but the cold spot (8, fig. 2) in the lower 
part of the wound had disappeared. ‘The touch spots and the places of 
most sharp pain were identified. 

Another slice was now removed as before. The amount of oozing 
made immediate testing impracticable, but an hour after the operation 
it was attempted. Dr. Carmichael’s examination of the wound enabled 
him to identify the touch spots, the points of most intense pain, and the 
two upper cold spots, but not the cold spot numbered 8 (see fig. 2). 
Three layers of skin had now been removed, and the knife was passing 
through the dermis except at the hair follicles and the longest papille. 

A considerable amount of redness and cedema was present in and 
around the wound, and the pain felt on testing was severe. The next 
day the wound was again examined. The two spots (6 and 7) in the 
ipper part of the wound were still present. Both in and around the 
wound searching for touch spots with von Frey’s hair frequently caused 
pain, and it was hard to be certain of the presence of touch owing to 
this confusion. Some replies of touch were obtained, but localization 
was inaccurate. This was true not only for the wound, but also for the 
region adjacent to it. Pain was acute and experienced wherever 
pricked. It was not possible to bear it without flinching. 

After marking the cold spots in the upper part of the wound and 
points where contact was experienced, the wound was again siiced under 
local anzesthesia The exposed area was now well into the dermis, 
though islands of epithelium could still be found with a lens. On 
examining the wound the following day the two upper cold spots were 
again discovered. Being near the upper border of the wound they 
continued to escape owing to the surgeon being unwilling to extend the 
wound and tending to reduce the area of each cut. To some extent, 


however, they seemed to be changing their character, becoming more 
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diffuse and losing their original precision. Touch could be felt, but 
by means of the lens it was discovered that it was experienced only 
where some portion of a hair follicle was present. Pain was felt 
everywhere, but in certain places it was more intense than elsewhere ; 
it seemed to spread widely from the pricked spot. 

A final slice was now made; the wound was deep enough to reach 


in many places the subcutaneous fat which could easily be seen. 

The wound was deepest in the middle and towards the upper end. 
The upper cold spot (7, fig. 2,) was still identifiable. It had been missed 
by the knife. The second cold spot (6, fig. 2,) which had hitherto been 


recognizable was now gone. ‘The detection of touch spots by means of 


Fic. 3.—Photograph of the wound after healing is complete. The cold spots in particular 
have been brought out. When allowance is made for shrinkage in healing it is apparent 
that they correspond with the cold spots in fig. 1. 


the fine hair test succeeded at only one point. This was at a place 
where the knife had travelled less deeply and by means of the lens the 
remnant of a hair was found. The whole wound was very painful, but 
still there were places where by pricking points more painful than the 
rest could be found. Such points gave rise to pain so severe that it 
could not be borne without flinching. The experiment was now 
discontinued. 

When the surface was healed the skin was again tested in the same 
manner as before. Particular attention was paid to the sensation of 
cold which previously had been abolished at two places. A photograph 
(fig. 3) is submitted on which touch and cold spots have been marked. 
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The three cold spots are prominently marked and it will be seen that 
they occupy much the same positions as before, and if allowance is 
made for the contraction occurring during the healing of the wound the 
identity of position is established. 

Since the primary object of the experiment was to obtain informa- 
tion about the anatomy of nerve-endings it is not proposed to discuss 
in detail observations which do not bear directly on this aspect. 

This simple experiment was beset with many difficulties. It was 
not possible to cut the sections of the same size and thickness, and the 
shelving edge of the wound led to the preservation of nerve endings near 
the margin. The oozing, the pain, the coagulation on the surface of 
the wound, and the need for an anesthetic made immediate testing, 
except after the first slice, difficult, uncertain, or impossible. 

The immediate effect of cutting caused confusion of the various 
sensations. The perception of cold was immediately lost, but after a 
period, not exactly determined, the ability to appreciate the various 
sensations returned. 

The increasing intensity of pain was striking. It seemed t 
increase with each successive slice, and it was not possible to refrain 


from reflex withdrawal. The work of others suggests that this 


phenomenon is not primarily anatomical. The spreading of the 


sensation from places where intense pain was elicited made it very 
difticult to be certain of the state of other forms of sensation. 

The preservation of touch in the hair follicles is of interest since it 
seems to have been retained when only a portion of the usual innerva- 
tion of the follicle itself could have been present. After the last 
operation it was possible to find touch only in places where it was 
possible to find a hair follicle 

One cold spot ending disappeared early in the experiment. Stimu- 
lating this spot with the copper point even after it had been placed in 
ice did not arouse the sensation of cold. As other cold spots within the 
area remained sensitive though subjected to some of the effects of the 
trauma the absence of response from this spot was in all probability due 
to the cutting-off of the ending itself. Such an experiment does not 
help in deciding the way in which an ending may act—whether the 
action is due to change in the threshold value or the production of a 
chemical substance. It does, however, emphasize that the ending is an 
important part of the mechanism, something more perhaps than a mere 
increase of neural surface. 

From the order of the disappearance of the different sensations in 
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the course of these experiments it is to be inferred that pain is at once 
the most superficial and the most extended through the various 
cutaneous strata. Superficial touch persists after the removal of the 
most superficial part of the epidermis, but disappears as the cut goes 
deeper. At about the same level lies the cold ending. Touch is carried 
deeper into the tissues by means of the hair follicle. We have no 
observations on heat spots. 

The presentation of a punctate distribution throughout the experi- 
ment, the subsequent return to the original position, and the possibility 
of abolishing one point in a series of similar sensory points, adds 
additional weight to the theory of the punctate distribution of sensation, 
and in consequence to the notion that each form of sensation has its 


wn anatomical form. 
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Fic. 4.—A sketch of the excised portion of skin enlarged 10 times. The sketch shows the 
marked points and other nerve endings and hair follicles observed plotted in their relative 


positions 


HISTOLOGICAL SECTION. 


We had hoped, despite the lack of success attending similar 
investigations hitherto, to be able to determine the anatomy of each 
sensory point identified at the level of each section. Previous investi- 
vations of this kind had broken down mainly owing to the technical 
difficulties of histology. We were also to be disappointed for our 
preparations made with gold and silver gave us only bits and scraps of 
nerve-fibres that could not be interpreted. However, the supravital 
staining with methylene blue was much better, and in so far as we could 
use extensive portions of the skin removed, interpretation, though 
difficult, was not impossible. Unfortunately the reactions occurring 
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in the wound soon made this kind of staining impracticable, and it 
is Only possible to rely on the earliest sections. 

Of the various sections prepared in different ways and made from 
the different slices, that which was stained in methylene blue and came 
from the first slice was the most interesting. This slice was stained by 
immersion in methylene blue. The surface exposed by its removal 
oozed at various points. Thus the section had cut through the papille 
of the dermis in places leaving the deeper layers of the epithelium 
adjacent to these 

Fig. 4 is a sketch of the piece of skin as it appeared when stained 
with methylene blue. It is drawn to scale and on it are marked the 
places from which the sensations of pain, cold and touch were obtained. 
In addition, there are recorded also hair follicles and nerve fibres and 


endings which were discovered apart from the actual marked spots. 


PaIN FIBRES. 

In the region of the spot marked as the place where pain of a sharp 
and intense character was elicited there were found in amongst the 
epithelial cells of the epidermis an irregular plexus of fine beaded fibres. 
The fibres were extremely fine and had varicose outlines. The irregular 
outline is due in the main to the fact that the fibres are travelling to 
and fro between the adjacent margins of the epithelial celis. Sometimes 
the ends take the form of fine beads which grow finer and finer until 
they pass beyond the range of visibility. In other places the ends have 
the form of tiny knot-like expansions. As the fibre approaches the 
epithelium it appears to be a little thicker, but gradually as it subdivides 
and gives off branches it becomes thinner. These fibres in the epidermis 
come from a subepithelial plexus which ramifies in a complex manner 
and here and there sends its branches up into the epidermis. The 
method of preparation is not suitable for determining the finer points 
of relationship to the epidermal cells. It cannot be determined for 
instance whether the ultimate ends are actually situated within the 
cells or outside them. Kadanoff has described two kinds of nerve fibres 
entering the epithelium, a thicker fibre which gives off lateral branches 
and a thinner one which remains unbranched. He is inclined to 
suppose that these differences are of functional significance. Kadanoff 
relied upon silver preparations, but neither this nor any of the other 
methods available are particularly reliable for the determination of such 


points. Methylene blue is no worse and perhaps even better for the 


resolution of such problems as the thickness of axis cylinders and neuro- 
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fibriis. However, these observations have not demonstrated any 
differences between these intra-epidermal fibres. 

The allocation of pain to these fine varicose fibres wandering amongst 
the epidermal cells is agreeable on many grounds. The observations of 


v. Frey on the cornea are cited in every textbook. There are the 
results of the investigations of Ranson and of Adrian and others that 
pain fibres are amongst the smallest of nerve fibres and have their own 


rate of conduction, change of potential, &c. 


Fic. 5.—Drawing of fine plexus of nerve fibres in the area marked for pain. A few blood 
corpuscles are included and also the opening of a hair follicle. In the bottom right hand 
rner two branching cells (cells of Langerhans) have been drawn. 


The present observations support these contentions in two ways. 
The fibres have the situation and the morphology generally attributed 
to pain fibres. They occur in a situation which when tested prior to 
removal responded with sharp intense pain, i.e., they occur at the place 
so marked When the cut was made without any anesthetic the 
advance of the knife was easily borne, a sharp pain being felt only 
when the knife was passing through the spots marked to indicate the 
places where sharp pain could be elicited by the prick of a needle. 

The method we have used has certain drawbacks. The area neces- 
sarily undergoes shrinking in the course of fixation. Further it is a 
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flat thin slice and in addition is pressed flat in order to make it easier 


to examine with the higher powers of the microscope. For these 


reasons it is not easy to decide to what level these intra-epidermal fibres 
When, however, we compare these fibres 


extend in the epidermis. 
with similar ones which we have found in other preparations we are 


of the opinion that they extend through the inner two-thirds of the 


epidermis. 


FG Another drawing of the same plexus as shown in fig. 5. The ramifications of 
the fine beaded fibres of the pain plexus are shown together with some branching cells and 


the ink marks in dark gre, 


The investigations of Waterston have led him to conclude that the 
fibres most superficial in the skin are touch fibres. The fibres illus- 
trated in his paper seem to be the same as are described here as pain 
fibres. 

It will be noticed in the photomicrographs and drawings that large 
branching stained cells are present. ‘These are constantly found in the 
deepest layers of the epidermis with methylene blue staining. They 
have, of course, been variously designated and interpreted in the course 
of histological study of the skin. They have come down to us as the 





XVIII. 





Fia. 10s. 


Fic. 7.—A photomicrograph of a fine beaded nerve in the deeper layers of the epidermis 
in the region marked for pain. The photograph has been obtained by piecing together several 


pictures taken separately because of the changing level of the nerve. The dark mass below 
is a portion of the ink mark made to identify the place. Enlargement 500 times, 

Fic. 10.—Photomicrographs A and B of the endings and fibres found in the region of the 
spot marked as cold. The black areas represent the marks, The nerves and ends were 
photographed through the overlying epithelium. The photographs have been built up from 
several pictures because of the differences in focus. Enlargement 500 times. 

Fic. 12.—A photomicrograph of the follicle and nerve fibres found in tbe region marked 
as touch. Enlargement 500 times. 


To illustrate paper by H. H. Woollard. 
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cells of Langerhans. It seems quite clear that they have nothing 
whatever to do with the innervation of the skin and this is the most 
common opinion about them. They bear no constant relation to nerve 
fibres and nerve fibres do not end upon them. Though they have been 
regarded as nerve cells and their processes as nerve fibres they are in all 


probability pigment cells. 


Drawing of nerve fibres and endings found in the vicinity of a spot mark¢ 
us cold. The gray areas are portions of the ink marking, 


CoLD SPOoTgTgSs. 


The middle spot of the excised piece of skin (see fig. 4) was marked 
as a place from which a sharp response of cold was obtained by means 
of touching the spot with the end of a copper rod. Immediately in the 
vicinity of this spot there is a complicated nerve plexus lying subjacent 


to the epithelium and just above the loops of the capillaries. This 
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plexus is formed of fibres of moderate thickness which branch and sub- 


divide in a diffuse manner. The terminations take the form of expan- 


sions of considerable size, sometimes elongated and sometimes ovoid 
The ends are non-encapsulated though they lie close enough together to 
give the impression of a well-localized ending. 

Our method of marking our spots was somewhat crude and covered 


a larger area than was desirable or necessary. Nevertheless we have 











Another drawing of the endings and nerve fibres in the vicinity of the 
The gray splashes indicate the ink marks, 


1 
ld 


spot marked as c 


found in the vicinity of a place marked as definitely responding to 
cold a nerve fibre and ending of special character and special situation 
Furthermore, we have encountered similar fibres and endings in normal 
preparations and have been able to study them in greater detail. Because 
of the presence of similar ends in other parts of the skin we propose t 


suggest that these are the anatomical basis of the sensation of cold 


The ending is subepidermal and, unlike a Meissner corpuscle, is not 
The clustering 


elongated into a climbing compressed spiral ending. 
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discs which form the ending are attached on tendrils that give to the 
whole expansion a complex interlacing and diffuse character. 

[In 1886 Goldschieder carried out similar experiments to the above 
and under the places marked for cold he too found a distinct subepidermal 
plexus which is very probably the same sort of thing as we have just 
described. Goldschieder preferred, however, to discuss his findings in 
a more general way and regarded such plexuses as underlying a temper- 


ature sense and having a special relation to blood-vessels. The methods 





g of the hair follicle and its innervation found in the vicinity of the 
region marked as touch. 


of impregnation of nerve fibres and endings available to Goldschieder 


were not so good as those now in use. 


Various suggestions have been put forward as regards the anatomy 


of the cold spots. v. Frey has suggested that the genital corpuscles may 


gee 
function as such. This may be, but it does not help in the present 
study, for these bodies are not found in the extragenital places of the 
skin. He has also suggested that certain end aborizations described by 


Ruffini may also function as cold receptors. It is not unlikely that the 





366 ORIGINAL ARTICLES AND CLINICAL CASES 


ends we have been describing are of the same order. In the maze of 


descriptive anatomy of nerve endings it is difficult to be certain about 


the identification of one description with another. Strughold and 
Kiirbe found terminals in the margin of the conjunctiva which are not 
dissimilar from those described here, and these they identified with cold 
Belonoschkin marked out the cold spots on the skin of the mammary 
gland. After this had been removed by the surgeon he studied by 
modern silver methods the anatomy of the endings in the vicinity of 
his marked cold spots and, attributed to cold, an ending which was 
non-encapsuled and which was situated about ;', to 2 mm. below the 


epidermis. ‘This agrees well enough with the present results 


In the area which was shown in fig. 4 there was one point marked 
as a site where touch was elicited by the finest hair test. In the stained 
section it was discovered there was a hair follicle which previously was 
not seen by use of the lens. On this in the usual palisade manner ot 
investment an encirling nerve fibre was discovered. By common consent 
the hairs, especially the fine ones, are refined organs of touch 

Reference has been made in the text of this paper to the parts played 
by Mr. A. MecIndoe and Dr. A. Carmichael. I am grateful to them fo 
their co-operation. I wish to thank my assistant, Miss Stead, who has 
helped me in all parts of this investigation and made the drawings which 


illustrate the results obtained 


SUMMARY 


|) Our investigations furnish additional evidence for the punctat: 
theory of sensation in that successive slices of the epidermis and the 
dermis as far as the subcutaneous fat show at each section spots from 
which a special sensation can be elicited After regeneration the spots 
recur in the same position 

2) So long as the ending is present its special receptor quality can 
be elicited 

(3) A fragment of the ending can still exhibit the special receptor 
yuality ' 

(4) The special quality may be annulled immediately after section of 
the skin (cold), but if the ending is still present its quality returns afte. 
1 time 

(5) When the ending is cut away the nerve fibre cannot be aroused 


by the original stimulus, even when this is intensified. 
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(6) Evidence has been furnished as to the existence of special ending 
for cold. The result is in good agreement with the results of other 
observers. 

7) In general it may be put forward that pain, cold and touch have 
characteristic position, fibres and ends. 
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CHRONIC PROGRESSIVE (ENDOTOXIC) POLYNEURITIS. 


BY WILFRED HARRIS 


ACUTE polyneuritis is one of the commonest diseases of the nervous 
system, but a slowly progressive polyneuritis not due to any obvious 
cause such as lead or alcohol, and in which the development of the 
symptoms 1s spread over many months, or even years, is as rare as the 
icute form is common. 

A recent case which has been under my care, and in which the 
symptoms slowly progressed and continued for five years until death 
from respiratory paralysis, prompts me to review the whole position of 
the chronic forms of polyneuritis 

In an article on “ Toxic Polyneuritis”’ in 1922 |3)| I described two 


cases under the description Slow Chronic Polyneuritis, in both of which 


the symptoms developed progressively for about twelve months. 


Case | \ man, aged 31. There was very considerable atrophy of the 
limb muscles with contractures seventeen months after the onset, and 
inwsthesia of peripheral type. The upper limbs were not involved until the 
legs were completely paralysed, nine months after the commencement of the 
i1isease No source of toxzemia could be discovered 
Case 2 \ girl, aged 15, whom I saw in August, 1912, when all four limbs 
hecame completely paralysed The neck muscles also became gradually 
involved, so that she could not raise the head from the pillow, the eyelids and 
lips were also partially paralysed, and there was weakness of mastication and 
the tongue also wasted partially. In her case there were never any sensory 
symptoms beyond slight parzsthesiz of the finger tips at the commencement 
ind some tenderness of the calves and forearm To electrical tests, no faradic 
reactions obtained in any muscle of upper or lower limbs. To galvanism 
were obtained in » thighs and arms, more marked and 
in the forearms, with full reaction of degeneration. She was put 

treatment by massage and galvanic reversals of current twice daily, and afte 
two months’ treatment the faradic reactions were returning in all the muscles 
f all extremities Wave faradism was now substituted for the galvanic 
current In spite of the improving electrical reactions, the muscles continued 
to waste and she became weaker in the neck and in power of sitting up. There 
was now some ditticulty in swallowing, and occasional choking, and there was 
obvious atrophy of the tongue, while the weakness of the sphincter muscles 


the eyes and lips gave the facies rather a myasthenic appearance. None 
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of the muscles, however, gave the myasthenic reaction on tetanizing by pro- 
longed faradization, and she was always better and brighter in the evening than 
after a night’s sleep. After eighteen months from the commencement, she 
began to improve, and gradual recovery became complete after another two 


years. 


I have had under my personal care three other cases of an unusual 


type, which might be classed with these. 


Case 3.—One is a girl now aged 23, who is at present recovering from her 
third attack of polyneuritis in six years. When aged 17, in March, 1929, she 
‘ept her bed for one day on account of slight pyrexia and headache. Six weeks 
later she noticed weakness of the hands and arms, which ten days later also 
atfected the legs. The weakness became general, increasing in all four limbs 
ind in the trunk muscles until June 11, when she began to improve. When 
idmitted to the Maida Vale Hospital on June 21, 1929, she could walk only 


with support and could scarcely lift her arms and was unable to feed 


herself. The neck muscles and all the cranial nerves were unaffected, and 
respiration and the sphincters were normal. All the deep reflexes were lost 
und the limbs were hypotonic ; the abdominal reflexes brisk and the plantars 


flexor. There were no sensory symptoms of any kind, neither pain, 
paresthesiz, tenderness, nor any anesthesia. She improved steadily, leaving 
the hospital in September, and she continued to improve until three days after 
Christmas 1929, when her limbs suddenly gave way and she fell, and was 
inable to get up. The weakness increased rapidly and she was readmitted 
to hospital on January 18, 1930. There was then complete paralysis of all 
nuscles of the arms and legs, though respiration, and the muscles of the head 
ind neck and cranial nerves were normal. There was no spontaneous pain 
nor any trace of anesthesia, but there was tenderness of the calves. The deep 
reflexes remained absent, and the muscles reacted only poorly to the faradie 
‘urrent. The paralysis remained practically unaltered for months, though she 
had to leave the hospital at the end of April for some weeks owing to an 
ittaeck of varicella. A note taken on December 9, 1930, states that there was 
‘complete wrist and foot drop, and inability to abduct the arms, and that she 
was unable to extend the knees or to stand. Improvement was extremely slow, 
ind on this oceasion she was in the hospital for two and a half years until 
June, 1932. Ultimately her recovery was complete and for over two years 
she was perfectly well and able to do everything and to play tennis. In 
1934, she caught a cold in the head, and a week later her left arm 


November, 
became weak, then the right arm, and the legs shortly afterwards. She then 
‘ame under the care of Dr. Blake Pritchard, both at the Maida Vale Hospital, 
nd in the University College Hospital under Dr. Walshe, and I am much 
ndebted to them for permission to use the notes of her condition in this third 


ittack. On this occasion pain developed two months later in January, lasting 
, . : e . sé . 9 rm} 
‘or a month, her fingers and wrist feeling as though being broken. Chere 


was never any pain in the legs, though tenderness in the calves and forearms 
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developed, and is still present (June 22, 1935). She is still unable to lift hei 
arms and cannot move her ankles or toes. A point of some interest, in view 
of the good effect of prostigmin in myasthenia, is that an injection of this drug 
was of no benefit, and made her feel definitely ill. There is no trace of any 
sory loss, and the deep reflexes are all absent. No enlargement of any 
be felt 

» might justly be classed as both relapsing and recurrent. Though 
ittack the weakness gradually increased for three months, in her 
attack the onset was acute, almost sudden, and in her third attack, 
an interval of perfect health for two anda half years, the paralysis again 
eloped within a few weeks. The case differs, therefore, in certain details 
fro the slow chronic or progressive form of polyneuritis, in which the 
symptoms develop gradually over many months or even years, though it will 
be observed on comparing the accounts of different cases that a symptom 
tbsent in many, such as pain, may be present in some, as in my first case of a 

man, aged 31 (3. , and in the third attack in Case 3 
Case 4.—I published with Newcomb in 1929 [4] a case of relapsing inte) 


stitial hypertrophic neuritis; the man, aged 52, had six separate attacks of 
paralysis during six years, and a final one commencing a year later and 
progressive to fatal ending in fifteen months. In his case there was nevei 
any pain or sensory symptoms, and the paralysis never became universal 
before death, though there was full reaction of degeneration in the leg and 
forearm muscles. He had in previous attacks had slight choking seizures, and 
at the end he was seized with severe choking, rapid pulse and respiration, 
indicating involvement of the bulbar nerves. During life there had been no 
suspicion of any hypertrophy of the nerves, though these were found enormously 
hypertrophied, with demyelination of the motor fibres particularly and great 


4s 


proliferation of the sheaths of Schwann and the presence of numerous — onio1 


bulbs’ as in the Dejerine type of case 


My fifth case was steadily progressive for five years until death from 


increasing respiratory distress and choking. 


se 3 \ man, aged 34. had an accidental fall, cutting the back of his 

ind damaging his right ankle. From that day his right leg has been 

veak and has got gradually weaker ever since, the left leg becoming weak nine 
months later. He was seen in Durham by Dr. Nattrass, of Neweastle, i: 
October, 1931, who has kindly lent me his notes of the case. There was then 
numbness, and no symptoms referable to the upper limbs. He had 

waddling, rolling gait, with double drop foot the thigh muscles were 
extremely atrophied, especially the right quadriceps, and the muscles below 


the knees were also notably wasted, with the power much diminished. The 


knee and ankle jerks were much diminished, especially on the right side, the 
plantars flexor. There was no trace of any sensory loss, or sphincter weakness, 
and the upper limbs and cranial nerves were quite normal. Though there was 


no family history of any similar affection, the diagnosis at that time appeared 
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to indicate a distal type of muscular dystrophy. His weakness steadily 
progressed, and in April, 1933, he nearly died of bronchopneumonia. He 
ifterwards put on fat to the extent of 30 lb. in weight, but for the four months 
before I saw him on January 25, 1935, he had been complaining of increasing 
dyspnoea. He was carried about pick-a-back by his male attendant. 

On examination on January 25, 1935, there was total flaccid paralysis of 
ill muscles of both lower limbs, trunk and abdomen and _ intercostals. 
Diaphragm good. The only movements possible in the arms were slight 
extension of the index fingers, no power of movement of shoulders. Wasting 
yf all intrinsic hand muscles of both hands. Complete paralysis of the 
retractors of the head, which falls forward. Flexion of neck good. All cranial 
nerves normal. All deep reflexes, plantars, and abdominals absent. No 
sensory changes of any kind; no pain or tenderness. To electrical testing, 
some contraction to faradism in the extensors of the fingers, but complete 
reaction of degeneration, with large sluggish contractions to galvanism in the 
rest of the extensors, biceps and deltoids on both sides. No faradic excitability 
f any lower limb muscles, with weak sluggish contractions to strong galvanic 
shocks of 20 to 25 milliamps. No enlargement of nerves could be felt. 
Treatment ordered: injections of strychnine twice daily, massage, and galvanic 
treatment to the muscles. On April 5 he was definitely improving in muscular 
power, he could then extend the left wrist and both thumbs, and could contract 
the left deltoid. The voice was stronger, and there was better control of the 
les. Early in May he began to have slight difficulty in swallowing, 
This increased rapidly in the second week of May, 


neck muse 
nd a tendency to choke. 
ind he died May 15. No autopsy was permitted. 

This case in many respects bears a close resemblance to that of 
Case 2 in the universal paralysis of limbs and trunk with practically 
complete absence of sensory symptoms. Both developed choking attacks 
late in the course of the illness, but the man’s case was slower in 
development and ended fatally. No source of toxemia was discovered 
in either case, and it seems certain that neither was due to absorption 
f any external poison, but must have been dependent on some form of 
endotoxin. 

Case 5 in some respects resembled Case 4. Physically the two men 
were somewhat similar, and in neither could any enlargement of nerves 
be felt during life. Unfortunately | was unable to examine the nerves 
yf Case 5 after death, but I should not have been surprised if they 
showed similar changes to those in Case 4. The clinical courses varied, 


Sl 


x separate attacks of partial paralysis, with intervening recovery, 


occurring in Case 4 during six years, the last being fatal, with choking 
uttacks, much as in Case 5, though there were no intermissions in the 


latter’s illness. The presence or absence of intermissions does not appear 
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to me an essential feature distinguishing the recurrent form from chronic 
progressive polyneuritis. My Case 3 is now recovering from her third 
attack in six years, and such recurrence, in the absence of external 
toxins, would indicate a variation in the activity or development of any 
endotoxin rather than any essential difference between the recurrent and 
steadily progressive forms. In my Case 2, a girl aged 15, though he 
illness was slowly progressive for over twelve months, yet she ultimately 
made a perfect recovery, and remained well at the age of 31 except fo: 
the development of pulmonary tuberculosis, following typhoid fever 
For the first twelve months of her illness her case resembled in many 
respects that of Case 5, though his was even slower in development, and 
showed only slight signs of improvement before the fatal bulbar 
development. In her case the arms were first affected, while in that of 
the man the legs became severely paralysed and wasted many months 
before the arms became involved. She also, when at the worst stage of 
her illness, developed some difficulty in swallowing and attacks of 
choking, as in the two fatal cases, Cases 4 and 5. In her case only was 
there any involvement of cranial nerves, definite weakness of some of 
the facial muscles, as well as atrophy of the tongue being observed. 

J. Schlier |8|, in an article on ‘“‘ Recurrent Polyneuritis,”’ describes 
1 case under this diagnosis which is clearly not a polyneuritis but a 
typical example of the relapsing variety of disseminated sclerosis. His 
case was that of a young married woman, aged 29, who developed weak- 
nessand almost complete paralysis, left retrobulbar neuritis with blindness, 
external rectus palsy, left increased knee-jerk and bilateral ankle clonus 
Temporary improvement was followed by seven recurrent attacks in six 
years. 

In an excellent article on ** Recurrent Polyneuritis ’’ Sorgo [10] gives 
in account of a case with autopsy. He objects to the term recurring 
polyneuritis when the attacks recur at long intervals of complete health, 
and so would not include ‘l'argowla’s | 11] case who had three attacks 
when aged 19, 27 and 39. The same argument applies to Thomson’s | 13 | 
case of two attacks at 5 and 19, whose second attack of paralysis 
followed five days after being immersed in cold water, the paralysis being 
general in all four limbs, with facial diplegia, ten days later. Complete 
recovery occurred within two years, but the rapid onset of the second 


paralysis after a chill lends support to Mary Sherwood’s [9] suggestion 


that the first attack of neuritis leaves the nerves with a lowered power 
of resistance to a fresh toxemia. The same reasoning explains the 
liability in a case of lead poisoning to recurrence of wrist-drop from 
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some slight cause, as a febrile attack or an irregularity in diet. Sorgo’s 
case of recurrent polyneuritis is the first to be published with account of 
autopsy. His case was a man, aged 58, who after three attacks of 
abdominal pain and constipation developed polyneuritis with recurrences 
after intervals of five and three months, the last being a more severe 
attack, ending in respiratory paralysis and death. The whole illness 
covered twenty-two months. Degenerative neuritis was found in the 
peripheral nerves. 

Both in this case and in that of H. M. Thomas [12], whose patient 
had five attacks of paralysis within six years, indigestion and abdominal 
pain was a feature of the illness before the development of the neuritis, 
and diarrhcea was a prominent symptom in the three fatal cases referred 
to by de Bruyn and Kuby Stern|1|]. Compare also the abdominal 
pain and obstinate constipation associated with hematoporphyrinuric 
polyneuritis (see Brain, 1922, 45, pp. 429-432). The coincidence of 
ibdominal trouble, pains, constipation or diarrhoea, preceding the 
development of polyneuritis is strongly suggestive of an enterotoxin 
being the cause. 

Hyland and Ritchie Russell [5] describe a fatal case of chronic 
progressive polyneuritis, and I accept this nomenclature as preferable 
to slow chronic. They refer only briefly to Sorgo’s case, with no 
description of its onset or progress, and the bibliographic reference 
is faulty. Their case was steadily progressive for twelve months, and 
died with respiratory failure and choking attacks, which seems to be 
the characteristic ending of the fatal progressive cases. The nerves of 
the upper extremity were larger than normal, and pinkish in colour, 
and microscopic examination showed degeneration of the myelin and 
proliferation of the sheaths of Schwann in the anterior roots and 
peripheral nerves, with increase of the connective tissue, but no onion 
bulbs. The sensory roots and nerves were much less affected, and the 


spinal cord showed no tract sclerosis, but some shrinking of anterior 


horn cells. No cause for the illness was suggested, beyond the occurrence 
of a rash on the left side of the head and neck for several weeks about 
the same time as the commencement of the weakness. Hyland and 
Ritchie Russell suggest that their case is of the same type as my 
Cases 1 and 2, which recovered, with which I agree, but I would also 
include the case which I published with Newcomb [4] in 1929 as 
a case of relapsing interstitial hypertrophic polyneuritis, and also 
de Bruyn and Ruby Stern’s [1] cases, inasmuch as I am not inclined to 
look on the neural hypertrophy as an essential feature, as some nerve 
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enlargement was present in Hyland and Ritchie's case just referred to, 
and also in Nattrass’s case [6] in 1921, which would clearly belong to 
this group, although no biopsy or autopsy was available in the latter. 

The fact that enlargement of the nerve trunks, due to proliferation 
of the sheaths of Schwann and the interstitial tissue, has been found 
in certain cases of chronic progressive polyneuritis, such as my Case 4, 
does not appear to me of sufficient importance to justify their separa- 
tion, as a distinct group of hypertrophic neuritis, from cases such as m\ 
Cases 1, 2,3 and 5. No biopsy was done in either of these cases, and 
it is certain that many nerves may be much enlarged and escaps 
observation during life 

The type described by Dejerine and Sottas |2)| is frequently juvenile 
ind familial; it is slowly progressive for years, with talipes equino- 
varus, and often kyphoscoliosis, usually severe pains with peripheral! 
ansesthesia and much wasting, often closely resembling the peroneal 
type of atrophy of Charcot-Marie-Tooth, and always accompanied b: 
posterior spinal sclerosis 

Ritchie Kussell and Garland describe seven cases of progressive 
hypertrophic polyneuritis |7| which clearly are of the same type as 
those of Dejerine and Sottas, showing familial tendency, pes cavus 
and kyphoscoliosis, nystagmus, ataxy, and enlargement of nerve trunks 
\lthough slowly progressive for many years there is little fatal tendency, 
in these cases, and probably posterior spinal sclerosis would be found on 
examination, as in all cases of the Dejerine type. 

Many cases of muscular atrophy of the Charcot-Marie-Tooth variets 
have been shown to have sensory changes of the glove and stocking type 
and posterior spinal sclerosis has also been demonstrated many times 
Moreover, in the late stages of Friedreich’s hereditary ataxia it is well 
known that anesthesia of peripheral type as well as considerable muscula 
atrophy may occur Thus the progressive hypertrophic neuritis ol 
Dejerine-Sottas, which is essentially familial, and often commencing 1 
childhood, shows a definite relationship to the Charcot-Marie-Tooth 


itrophy on the one hand, and on the other to the familial hereditar\ 


itaxias, and ali may be classed amongst the abiotrophies, or diseases of 
congenital mal-development 

Of the three cases described by de Bruyn and Ruby otern as 
belonging to the Dejerine-Sottas type, although familial, the only cas 
they examined showed during life no nystagmus and no deformities 
und there was almost complete absence of posterior spinal sclerosis 
Their diagnosis rests practically on the presence of hypertrophi 
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neuritis, showing changes similar to those found in the Dejerine type. 
Yet these three cases all ran their course to a fatal end within three 
years, severe diarrhcea being a prominent symptom. This history is 





suggestive of some subacute toxemia, perhaps an endotoxin, and i consider 






they should be classed with my five cases as chronic progressive poly- 





neuritis. ‘The neural hypertrophy in these and my Case 4 and others, 





should, I consider, be looked on as of minor importance, and as one of 





the secondary effects of the neurotoxin causing the disease. In some 






f the cases temporary improvement or complete recovery may be 






succeeded by recurrent attacks at varying intervals of months or years, 






while another, as my Case 2, may recover after two or three years and 






never again suffer, and yet another, as my Case 4, may have numerous 






recurrent attacks and then succumb with bulbar symptoms, and another, 





is my Case 5, may be slowly progressive for five years, with no inter- 





missions, and then perish with bulbar neural paralysis. 





Though varying in detail, the common features of a slowly pro- 





gressive motor paralysis, with wasting and electrical changes, and few 





sensory symptoms are present in all. Recurrent attacks following 






short periods of complete recovery may or may not occur, and neural 





hypertrophy too, may or may not be present. 
| suggest that all these forms of recurrent or progressive poly- 
5 5 . 
neuritis, excluding Dejerine’s familial type, whether associated with 






enlargement of the nerves or not, be grouped together as variations 






included under the description, chronic progressive (endotoxic) 





polyneuritis 
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VISUAL DISORIENTATION IN HOMONYMOUS 
HALF-FIELDS. 
BY GEORGE RIDDOCH 


the Neurological Department, London 


DEFECTIVE spatial orientation in the visual fields as a result of 
bilateral cerebral lesions has been described by a number of observers, 
notably by Gordon Holmes |1, 2]. By this term is meant inability 
to localize objects seen in the three planes of space, especially to 
estimate absolute and relative distance. Sometimes stereoscopic vision 
is lost, but this has been exceptional |1, 4, 5]. Certain other disorders 
of function, more or less intimately related to visual disorientation, 
may be found associated with it, but not all in the same case, such as 
visual inattention, difficulty in bringing an object into central vision 
and in maintaining fixation on it when moved, defective pupillary 
reaction on accommodation, and conjugate convergence of the eyes, 
reduction of the blinking reflex and visual agnosia. 

In the recorded cases of impaired visual orientation the lesions, 
chiefly from war wounds, have, however, been bilateral in the parietal 
lobes, so that the visual field as a whole has been involved; and in 
addition some limitation of the visual field for ordinary test-objects has 
complicated the clinical picture, although Holmes rightly concluded that 
this has no bearing on the problem of the interpretation of the natur 
of the defect. Visual acuity was, as a rule, normal, or nearly so. 

The purpose of this preliminary report is to show that spatial 
disorientation may occur in homonymous half-fields alone, as a result of 
unilateral lesions of the parietal lobe. For the present, I will briefly 
describe two cases only in which the defect was unmistakable. In both 
it was present without any essential impairment of the visual fields or 
acuity. Neither patient was aware of his visual defect. The following 


are abstracts of the notes on these cases :— 


Case 1 W.T. W., aged 58, retired from business, was brought by his 


doctor on May 11, 1933, as a suspected case of cerebral tumour. For six 


months he had had occasional short attacks of slight giddiness usually when 
driving his car. 
Four weeks ago he fell when climbing a ladder, but had no recollection of 
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what happened until he found himself lying on the ground. There were no 
immediate bad effects of the accident, but three days later he became unusually 
tired and sleepy, and had been so since. It was noticed by others that he 
had difficulty in expressing himself and did not use his right arm as much as 
before. Since the accident he had had an occasional slight vertex headache, 
not especially in the morning, and had once vomited after drinking some 
brandy 

To inquiries, he admitted that his sight had sometimes been misty, but he 
was unaware of any other visual disturbance. There had been no visual o1 
auditory hallucinations. 

On examination, he was cheerful and intelligent, but was rather slow in 
unswering questions, and in carrying out tests, partly due apparently to 
lifficulty in understanding what was required of him. He could not always 
distinguish between right and left, and when asked to perform the more 
complicated tests in the examination, he was apt to become confused. Without 
going further into details there was some dysphasia, but no visual agnosia 
There was gross bilateral papilledema. Visual acuity was ;°s, partly in his 
right eye and ;'s in his left. Visual fields to confrontation tests were full, but 
were not charted until after the operation three weeks later, when he was alert 
and clear mentally. At that time his visual fields were full at all angles to 
small test-objects except that his left blind spot was considerably enlarged 
with corresponding depression of the temporal half-field of his left eye in the 
small isopters. 

Localization and estimation of distance were excellent in central vision and 
in his homonymous left half-fields, whilst in his homonymous right half-tields 
he invariably made mistakes. In the horizontal plane he often pointed to the 
right of the test object, but in the vertical plane he was less consistently at 
fault. His estimation of distance was, however, grossly impaired, and he 
usually overshot the mark. These defects were found by different observers 
on several occasions and were perhaps more in the upper than in the lower 
quadrants. They were greatest in the peripheral parts of the fields and least 
towards central vision. 

There was no visual inattention and stereoscopic vision was unaffected. 
Pupillary reactions were prompt and sustained and ocular movements were 
normal except that there was occasionally some difficulty in turning his eyes 
to the right and in maintaining fixation on an object in that direction. To 
the left fixation was always good. He found his way about quite easily and 
did not bump into obstacles. He had no difficulty in finding objects with 
his hands or in feeding himself. 

For the rest there was slight right hemiparesis, with corresponding reflex 
changes. Sensibility to light touch and pin-prick, tactile discrimination, 
vibratory sense and stereognosis were good and equal on the two sides. Tactile 
localization, however, was faulty in the fingers of his right hand and postural 
sensibility in his right hallux. 

His cardiovascular system was normal for his age. 
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The resting cerebrospinal fluid pressure was over 300 mm., and the fluid 
contained 0°075 per cent. of protein but no other abnormality. 

Stereoscopic radiograms of the skull were negative. 

Exploration was carried out by Mr. Hugh Cairns in two stages because of 
excessive bleeding. At the second operation on June 5 a purplish-red tumour, 
spongioblastoma multiforme, was mostly excised from the posterior part of the 
left parietal lobe. It was about 6 em. in diameter and reached to within 1 em 
of the medial surface of the hemisphere, and below did not quite reach the 
temporal lobe He made a good recovery from the operation. 

On August 5, two months after the oneration, he was examined for the last 
time and the same defect in visual disorientation in his homonymous half-fields 
only was found. Hecould now turn his eyes and keep them fixed on an object 
is well to the right as to the left. There were no additional physical signs 
His general condition at that time was good and he was an excellent witness 

In November, 1933, five months after the operation, he died, after having 
been comatose for some weeks 

A post-mortem examination was carried out. Dr. Dorothy Russell reporte: 
that there was considerable bulging of the left parietal lobe at the site of 
yperation and the dura was adherent to the brain over part of this area 

The adjacent part of the superior longitudinal sinus was obliterated by 
growth throughout a length of 7 em. Coronal sections of the brain revealed 
tumour in the left parietal region up to 8°3 em. from side to side, 5*6 em. fron 
itbove downwards and about 8 ecm. from before backwards. Microscopically 
the tumour extended as far as the upper temporal convolution on the left sid 


[t invaded the falx and dura over the site of operation and extended to the right 
of the middle line as a nodule (2°3 cm. diameter) in the mesial aspect of the 


right parietal lobe. The cut surfaces of the tumour showed a central are 
] 


3-5 em.) of necrosis and numerous hemorrhagic areas up to | em. in diametei 


Elsewhere it was composed of white granular tissue and was poorly defined 
There was considerable softening of the left hemisphere. The body cf the left 
lateral ventricle was flattened. 

Vie ic examination.—-The tumour was a spongioblastoma multiform: 
invading the superior longitudinal sinus and dura. Numerous areas 
hwmorrhage and necrosis and organizing thrombosis of many small veins wer 
present 

Comment \fter death the tumour was found to be extensive and to hav 
invaded not only the superior longitudinal sinus and the cortical veins but als 
the right parietal lobe. This, however, was five months after the operation and 
three months after the last clinical examination when, as at several previous 
examinations, the defect in visual orientation was strictly unilateral. The 


tumour also was a malignant glioma. 


Summary of visual defects —There was visual disorientation in right 
homonymous half-fields with preservation of stereoscopic vision and 
visual attention. He wasable quickly to fix his gaze onan object and t 
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maintain it to his left, but before operation less consistently to his right. 
The blinking reflex was not tested. Pupillary reactions and conjugate 
convergence were normal. Visual acuity was moderately reduced. The 
sole impairment of the visual field for ordinary test-objects was enlarge- 
ment of the blind spot in the left eye due probably to secondary optic 
itrophy. ‘The patient was unaware of his visual disorder. 


July 10, 1934, under Mr. Hugh Cairns. 
He had been an exceptionally healthy man until six or seven years ago 


Case 2.—T. A., aged 34, farmer, was admitted to the London Hospital on 


when he began to get sensations of fullness in his head which were relieved by 
occasional epistaxis. According to his father, he had, for about the same 
length of time, become rather sluggish and sleepy. 

For the past two years, from which time the patient dated his illness, he 
had suffered from severe frontal headaches which recurred almost daily and at 
any time, but worse at night. For a time vomiting, preceded by nausea, 
veccompanied the headaches. 

About six months after the onset of the headaches he had his first attack 
of unconsciousness which lasted for two hours. He had two subsequent 
ittacks, four and six months after the first, but unfortunately none of them had 
‘een observed He recollected a short warning after the second attack only, 
but could not describe it, but said that he ~ gripped hold of something.’’ Since 
the last epileptic attack his headaches had been more severe. On being ques- 
tioned about his eyesight he admitted that for about six months before the 
onset of his headaches he had had attacks of dazzling lights in front of his eyes, 
ulways whitish-yellow in colour, lasting for five to ten minutes and relieved 
hy shutting his eyes or stooping. Later these crude visual hallucinations 
tended to accompany the headaches when they were severe. He could not 
say whether they were confined to one side or not. 

On examination he was mentally rather dull and slow. There was slight 
dysphasia, chiefly for reading, but no visual agnosia. There was severe 
bilateral papilloedema, right more than left, with flame-shaped hawmorrhages 
near the discs. Visual acuity was ;°s right and left. He had no difficulty in 
tixing objects and moved his eyes freely. At first there was incomplete right 
homonymous hemianopia with gross defect of localization of objects and 
estimation of distance in his right homonymous half-fields. He usually 
pointed below and beyond the object. In central vision and his left half- 
tields there was no visual disorientation. There was visual inattention in his 
right half-fields and he had some difficulty in finding his way back to the 
ward from the examination room. He could feed himself and accurately grasp 
near objects with his hands. Later, the right homonymous hemianopia 
became complete except for sparing of central vision, but there was at least 
no obvious loss of stereoscopic vision. The pupils and ocular movements 
were normal in every respect including the pupillary reactions on accommoda- 


tion and conjugate convergence of his eyes. 
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On his right side, slight cutaneous anesthesia and analgesia with impair- 
ment of vibratory sense and postural sensibility were found. Voluntary 
power, tone, co-ordination and reflexes were, however, unaffected. 

Stereoscopic radiograms of his skull were negative 

Operation.—On July 17, 1934, Mr. Hugh Cairns explored the left parieto- 
occipital lobes and found an astrocytoma (proved later by histological exam- 
ination), presenting on the outer surface of the parietal lobe. Anteriorly, it 
reached almost to the Rolandic vein and posteriorly to the junction of the 
parietal and occipital lobes, superiorly to the middle line, and inferiorly (sub- 
cortically) to just above the Sylvian fissure. The tumour, which was lobulated 
and measured over 6 cm. in diameter, was in most places easily separated 
from the surrounding brain tissue. \nteriorly it had a triangular prolonga- 
tion extending along a fissure which was either the Sylvian or the one above it. 

He recovered well from the operation. 

On August 11 his visual fields were full except for small test objects. He 
no longer had any difficulty in finding his way about. Visual attention was 
good, although a week before it was still impaired in his right half-tields. 
Stereoscopic vision was intact. But in his right homonymous half-fields there 
was still gross spatial disorientation, especially for absolute distance. Estima- 
tion of relative distance was less faulty. The defect was contined to the 
extracentral parts of the fields and became increasingly great towards the 
periphery and appeared to be greater in the upper than in the lower quadrants 
In the outer parts of the fields, he almost invariably pointed internal to the 
test-object and beyond it. In central vision and his left homonymous half-fields 
spatial orientation was accurate. 

In his affected half-fields he recognized, without hesitation, the shape of 
a cube, a sphere, a pyramid and a cylinder, when held at from 20 to 30 degrees 
from fixation point. 

Visual fixation, pupillary accommodation and conjugate convergence were 
all excellent and vibratory sense and postural sensibility had recovered. 

On September 21, 1934, two months after operation, he was re-examined 
His health was excellent. Visual acuity was § right and ;°s left, and J.1 both 
sides. Visual fields were now full to the smallest test-object. But visual 
disorientation, although less than before, was still present and confined to his 
right homonymous half-fields. 

He lived in Yorkshire and, in consequence, he could not be frequently 
examined. 

We heard that on April 2, 1935, nine months after the operation, he was 
found dead in a ditch, after having been back at full work for some weeks and 
in excellent health. His doctor concluded that the cause of death was an 
apoplectiform seizure, but a post-mortem examination was, unfortunately, not 


carried out. 


Summary of visual defects.—There was visual disorientation in his 
right homonymous half-fields without loss of stereoscopic vision. Visual 
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inattention in his right homonymous half-fields was at first present but 
disappeared about a fortnight after excision of the tumour. The patient 
could rapidly fix his eyes on an object and follow it when moved. The 
blinking reflex was not tested. The pupillary reactions on accommoda- 
tion and conjugate convergence were good. Visual acuity was slightly 


impaired. There was right homonymous hemianopia, at first incomplete 


and later complete, but two months after excision of the tumour the 
visual fields were full to small test-objects. Visual disorientation per- 
sisted but was less than before The patient was unaware of it. 


DISCUSSION. 

Since the disturbance of visual orientation was confined to homo- 
nymous half-fields the number of tests that could be applied to demon- 
strate the defect was limited, al! the more when central vision, at least 
in the opposite half-field, was apparently unaffected. Nevertheless, 
other observers who examined the patients were convinced of its reality. 
It was clear that these patients, as well as others not recorded in this 
paper, were unable to localize objects seen but to one side only, and the 
errors were greatest in regard to distance. As was to be expected, the 
defect progressively increased from the centre towards the periphery of 
the visual field. but the patients, themselves, were unaware until the 
tests were carried out that their vision was affected in this way. They 
could accurately reach with their hands for food or anything near them 
and, in a normal way, avoid obstacles in their path. Stereoscopic vision 
was intact and there was no difficulty in Case II, and, after the operation, 
in Case I, in fixing with their eyes an object, whether it was stationary 
or moving. In addition, accommodation and convergence were intact. 
The preservation of these functions was largely due to retention of 
central vision, at least in the normal half-fields. 

Visual inattention was present in the second case only and disappeared 
soon after the operation although disorientation persisted. This obser- 
vation confirms Holmes’ opinion that it does not form an essential part 
of the syndrome of disordered space perception. 

In short, the two cases which are recorded in this paper show that : 
(1) Visual disorientation in homonymous half-fields can result from 
lesions of the opposite parietal lobe; (2) this defect can be dissociated 
from other more or less closely related disorders of visual function which 
also have been found to follow lesions of roughly the same part of the 
brain ; and (3) visual disorientation may be present without limitation 
of the visual fields for ordinary stimuli or serious disturbance of central 
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vision. Thus, the patient may be unaware of his deficiency for, under 
these circumstances, it does not give rise to obvious disability. Asa 
corollary, to be discovered, it has to be searched for by the observer. 

In regard to the situation of the lesion, the tumour in both cases 
extensively invaded the parietal lobe including the supramarginal and 
ingular gyri. The ascending parietal convolution was little affected 
directly by the tumour, and the optic radiations had escaped. For the 
purpose of localization, that is as far as it is reasonable to go for the 
ise of tumour material in this respect is notoriously limited. Holmes 
from his cases of bilateral war wounds and from other recorded cases, 
ilso bilateral. concluded that visual disorientation resulted from lesions 
in the region of the supramarginal and angular gyri. The ideal 
pathological case would be one of circumscribed cerebral softening. 

As to the nature of the disturbance of function, I have nothing t 
idd to the views already expressed by Holmes. Visual localization in 
the coronal plane largely depends on local sign of the retinal elements. 


Istimation of absolute and relative distance is, however, a much more 
complex function and is the result of the integration of immediate 


sensations and impressions from the retina, ocular muscles, labyrinth, 
neck and body with accumulated past experience. In other words, it 
is a function that is acquired by learning. 

Visual disorientation may occur when the association pathways from 
the calearine visual cortex to other parts of the brain are interrupted 
ind, so far as is at present known, the nodal point appears to be in th 


region of the supramarginal and angular gyri in the parietal lobe 





CERTAIN ANATOMICAL AND PHYSIOLOGICAL ASPECTS 
OF THE MENINGES AND CEREBROSPINAL FLUID 


BY LEWIS H. WEED 
Jo Ho} ins Un 


'HE cerebrospinal fluid is a clear, limpid liquid of slight viscosity 
and low specific gravity, which fills the cerebral ventricles and surrounds 
the entire neural axis. Approximately one-tenth of the intradural 
volume is represented by this fluid in mammals; the usual amount 
occurring in man is therefore between 100 and 150 c.c. Normally of 
a negligible protein-content, almost cell-free, the fluid contains the same 
crystalloids as does the blood, with sodium salts predominating ; its 
uverage pH value is given as 7°35. These chemical and physical 
characters of the fluid caused Halliburton [27] to term it “an ideal 
physiological saline solution.” 

Writers in the Hippocratic corpus must have had some knowledge 


of the cerebrospinal fluid, for hydrocephalus was recognized as a distinct 


pathological entity. In his discussions of animal spirits, Galen similarly 


recorded the existence of large quantities of water on the brain: this 
influence of Galenic thought extended uninterruptedly for over a 
thousand years. It was not until the eighteenth century that adequate 
descriptions were given of fluid in the subarachnoid space as well as in 
cerebral ventricles—Cotugno || and Haller |26]| both should be named 
for their contributions to the subject. Yet our modern conceptions 
must be related to the comprehensive description of this perimedullary 
Huid, given by Magendie | 41, 42 | slightly over one hundred years ago. 
During this century since Magendie’s publications, information 
regarding the fluid and its pathway has slowly accumulated. We now 
have detailed knowledge regarding the mammalian meninges as fluid- 
containers ; Kappers |46]| studies in other vertebrate classes have added 
much, but the data are by no means as complete. For the most part 
the story of cerebrospinal fluid must therefore be restricted to mammals 
to man and particularly to the common laboratory animals. It is 


' This report was delivered at the general session of the Second International Neurological 


Congress, July 30, 1935 
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perhaps unfortunate that the subject must be discussed to-day, as in 
many of the most important problems of the fluid general agreement or 
acceptance of a viewpoint has not yet been reached: unanimity of 


opinion may exist only among the workers of a single school. In 


consequence, it behoves investigators in this field to speak circumspectly, 
to consider but few of the concepts as final: we must weigh evidence 
and qualify our conclusions. Many essential problems of the fluid are 
to-day hardly at a stage for even a temporary deduction, even a hesitant 
hypothesis; yet all in all during the past few decades there has been 
idvance in knowledge, and it is with certain restricted aspects of this 
advance that this essay will deal. 

The difficulty of divorcing structure from function holds particularly 
true for the embryology of the meningeal spaces through which the 
cerebrospinal fluid circulates. The early investigations by His [ 34, 35 
and Kdlliker | 38] seemed to establish the mesodermal origin of the 
three mammalian meninges ; this concept was supported by Salvi’s | 46 
morphological findings as well as by Sterzi’s (48, 49} comparativ 
investigations. My own histological studies | 54), based on extensive 
series of pig and human embryos, led me to unqualified acceptance of 
this general thesis of development of the three membranes from the 
middle germ layer. But this idea of a purely mesodermal origin of th: 
meninges, apparently confirmed by Van Gelderen’s [25] studies on the 
fish and by Clermont’s |8! on the mole, has in recent years been 
questioned by Harvey and Burr |28'. Such an attack on the specific 
origin of any tissue, particularly around the head-end of the nervous 
svstem, seemed inevitable in view of the work of the experimental 
embryologists of the last thirty years, for a mixture of ectodermal and 
mesodermal elements has been shown to occur in many amphibian 
forms. Noting a difference in reaction to injury of the dura and of the 
pia-arachnoid, Harvey and burr transplanted, in Amblystoma larve, 
portions of the central nervous system, with and without neural crest 
cells. After growing in the host, it was found that the only transplants 
to develop a leptomeningeal space were those which had neural crest 
cells—in other words, the leptomeninges needed an ectodermal con- 
tribution. 

These deductions of Harvey and Burr were promptly objected to by 
Louis Flexner |15|, who performed similar experiments on the same 
amphibian form. This investigator found a meningeal space to develop 
only about those transplants which extruded fluid into the tissues of the 
host—the passage of fluid through the embryonic tissue about the 





CERTAIN ASPECTS OF THE MENINGES AND CEREBROSPINAL FLUID 385 


transplant seemed to cause the formation of definitive channels remark- 
ably similar to those of the normal subarachnoid space. This fluid- 
passage rather than the inclusion of neural crest cells was considered by 
Flexner to be the determining factor. Even more recently Harvey, 
29| have presented additional evidence ; 


Burr, and Van Campenhout [ 
they accept certain aspects of Flexner’s work, but re-emphasize the 


blending of mesodermal and neural crest elements. The problem is 
still in the stage where final agreement does not exist for all vertebrate 
classes, though the stages of differentiation of a mesoderm, or mesecto- 
derm, into three meninges, are fairly well understood for mammals. 

My own studies [54] on this differentiation of the perimedullary 
mesenchyme were made on living pig embryos in which the cerebro- 
spinal fluid was replaced by an isotonic foreign solution (potassium 
ferrocyanide and iron ammonium citrate). This foreign solution, 
distributed by the normal processes of the organism and then precipitated 
in situ, gave histological evidence of the initiation of the spread of the 
tluid from the ventricles in 14 mm. embryos and of the filling of a 
complete subarachnoid space at 26 mm. In the stage of first extra- 
ventricular spread of the fluid (14 mm.) the choroid plexuses, both in 
pig and human embryos, are just beginning to tuft. This coincidence 
f development of plexus and extraventricular expulsion of fluid, as 
well as histological findings, led me to assume that the circulation of 
fluid through the perimedullary mesh was a causative factor in the differ- 
entiation of the subarachnoid space. This general idea of a functional 
differentiation of the perimedullary mesenchyme was accepted ten years 
later by Flexner in his transplantation experiments and was considered 
a factor by Harvey and Burr. 

The close relationship between the development of choroid plexuses 
and extraventricular spread of cerebrospinal fluid emphasizes again the 
evidence for the intraventricular origin of the fluid. That by far the 
greater portion of the fluid arises in the cerebral ventricles has long been 
known from study of cases of internal hydrocephalus. Even to-day, 
when. we have at hand histological, embryological, pathological, pharma- 
cological and experimental evidence supporting the thesis that the 
choroid plexuses are the chief elaborators of the fluid, there are in the 
minds of some workers doubts as to the validity of the hypothesis. 
Thus the occurrence of inclusions within the cells of the choroid plexuses 
(30, 31, 32] has been recently interpreted as supporting the concept 
that these vascular tufts with their cylindrical epithelium are organs 
for the absorption rather than the production of cerebrospinal fluid. 
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3ut the great mass of data upon which is based the idea of an elabora- 
tion of cerebrospinal fluid by the choroid plexuses cannot be interpreted 
in any other way as satisfactorily. Certainly to-day there is no reason 


to discard this concept in favour of any other. 

If one accept the hypothesis that the choroid plexuses elaborate by 
far the major portion of the fluid, the problem of the mechanism of its 
production immediately presents itself. Since the earliest histological 
descriptions by Faivre | 14] and Luschka | 40! of the glandular type of 


epithelium covering the plexuses, repeated controversies have raged as 


to whether the fluid is a true secretion or a filtrate. Until recently not 
many data of permanent significance were advanced, but the last few 
vears have witnessed many attempts by chemists and physiologists to 
reach a conclusion in this important question. The essence of the problem 
is the determination of the rdle played by the membranes separating 
the blood and the cerebrospinal fluid in the distribution of ionic and 
molecular species between the two fluids. The problem particularly 
concerns itself with the question whether the cells of the plexus, the 
walls of its capillaries, and the connective tissue of the stroma of the 
plexus perform work in the production of cerebrospinal fluid, or whether 
substances are distributed between blood and cerebrospinal fluid as 
would occur across an inert lifeless membrane. A large group of 
investigators, notably Fremont-Smith and his associates | 20, 21, 22, 23, 
24), has concluded that the distribution of all diffusible ions between 
the two fluids is in agreement with the predictions of Donnan’s law ; 
cerebrospinal fluid therefore becomes a dialysate or filtration-product 
from the blood. Analyzing the chemical data of the blood and fluid 
from a thermodynamic standpoint, Louis Flexner | 16) has shown that 
approximately thirteen calories of energy are required for the formation 
of a litre of cerebrospinal fluid ; a free energy change of only 0'9 calories 
is to be explained by capillary pressure. Ultrafiltration, i.e. dialysis 
plus hydrostatic pressure, Flexner judged to be an inadequate explana- 
tion of the elaboration of the fluid. He concluded on the basis of present 
evidence that the fluid is to be considered a secretion, using that term to 
mean that the cells do work in its production. Flexner’s analysis of the 
problem is of utmost significance in the present state of our knowledge 
of the cerebrospinal fluid. 

Accepting then this conclusion that the cerebrospinal fluid is 
secreted by the choroid plexuses (with possibly a small addition from 
the ependymal cells themselves) it becomes necessary to trace the fluid 
in its further course. Poured into these neural cavities in small amount 





CERTAIN ASPECTS OF THE MENINGES AND CEREBROSPINAL FLUID 387 


(12 c.c. per day in a cat according to Flexner and Winters [19]) the 
fluid travels caudalwards to the fourth ventricle and thence passes, 
either by foramina or permeable membranes, into the subarachnoid 
space. ‘The fluid flows rapidly into the basilar cisterns, more slowly 
upwards over the cerebral hemispheres; it moves very tardily down- 
ward about the spinal cord. Kverywhere in this passage it is retained 
within membranes covered with flattened mesothelial cells, which as 
Kssick [13], Woollard [67], Kubie and Schultz [39] have shown, 
exhibit functional changes in morphology. Within the subarachnoid 
space a small addition to the cerebrospinal fluid probably is derived 
from the perivascular channels, though Schaltenbrand and Bailey [47 | 
consider this source of fluid as not demonstrated. 

In the cerebral subarachnoid space the cerebrospinal fluid comes 
into intimate contact with the dural venous sinuses. All of the work 
of the last fifty years indicates that the major process of absorption is 
a direct and rapid one into the venous system, and that there is also a 
minor process of relative slowness into the lymphatics. Accepting 
this generalization, there are still differences of opinion as to the exact 
mode of return of the fluid to the venous system. Twenty years ago 
[ came to the conclusion |51, 52, 53] that the pathway of absorption 
was through the arachnoid villi—the microscopic normal precursors of 
Pacchionian granulations which have recently been so thoroughly 
studied by LeGros Clark |7| and by Winkelman and Fay [66]. The 
villi are essentially invaginations of the arachnoid tissues through the 
fibrous walls of dural sinus so that leptomeningeal mesothelium comes 
to lie directly beneath vascular endothelium. This hypothesis of fluid- 
drainage which was based on histological observations made after 
subarachnoid injection of an isotonic solution of foreign salts in living 
animals and subsequent precipitation of the salts in situ, still seems to 
me the most acceptable of the theories of escape of fluid. Hlman’s 
12] description of spinal arachnoid villi, projecting into the segmental 
veins, has widened the hypothesis to account for spinal drainage. The 
general idea of passage of fluid through these specialized structures 
has been questioned by Dandy {10} who freed the brain from its 
connection with the sagittal, circular and transverse sinuses, leaving 
the pia-arachnoid supposedly intact. Since no subsequent discomfort 


was apparent in the dogs, Dandy concluded that the villi play no role 
in absorption—a conclusion which takes no account of spinal villi, of 
the possibility of regeneration or re-establishment of channels, and of 


the fact that an increased pressure of the cerebrospinal fluid may lead 
265 
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to the same rate of absorption even with smaller absorptive surfaces. 
But while we cannot regard as established any other theory of drainage 
of cerebrospinal fluid, we must realize fully the limitations of any 
method of demonstration of a fluid-pathway which depends upon the 
introduction of foreign salts for the purpose of outlining a route of 
absorption. Both ante mortem and post mortem diffusion of the 
crystalloids has always to be considered : it is now particularly desirable 
that some new method of investigation of this problem be devised. 
When beginning work upon cerebrospinal fluid, I gave but minor 
consideration to the physical forces involved in the absorption of the 
fluid into the venous system. At that time [52| the mechanism 
seemed to be one of filtration through the arachnoid mesh and meso- 
dermal membrane from a point of higher to a point of lower hydrostatic 
pressure. Since that time I have desired to return to this all-important 
problem, particularly in view of the fact that our knowledge of osmotic 
and hydrostatic pressures has advanced greatly within this period. But 
it was impossible to attack experimentally these questions without a 
method for recording small amounts of fluid-absorption. Two years 


ago Mortensen and I |44] devised a simple pipette-reservoir system 


which permitted measurement of the absorption of small quantities of 
foreign solutions from the subarachnoid space of living animals under 
maintained pressures. With this apparatus set at normal pressure of 
the cerebrospinal fluid, periods of small intake of Locke’s solution 
were followed by similar periods of outflow of fluid; at the end of an 
hour or so no absorption of the isotonic solution from the external 
system could be observed, even though the cerebrospinal fluid was being 
produced ata normal rate. When, however, the pressure in the external 
system was raised (thus raising the pressure throughout the whole 
subarachnoid space) definite absorption was recorded each minute. We 
were able to confirm the long-established observations that the higher 
the pressure of introduction of an isotonic solution the more rapid was 
its absorption from the subarachnoid space. We used relatively high 
pressures, multiples of the existing cerebrospinal fluid pressure, and 
found that a linear relationship existed only in the low pressure-range 
(up to three or four times normal pressure) ; above this point a marked 
increase in the rate of introduction of the isotonic fluid occurred. 
During the last year, these experiments on etherized dogs have 
been continued, using various kinds of foreign solutions—crystalloids, 
proteins, «c.—for determination of the physical forces concerned in 
absorption of the fluid. With measurement of the intracranial venous 
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pressure in the sagittal sinus, the rate of absorption of Locke’s solution 
was ascertained for various pressures above the normal. Since the 
crystalloids of the cerebrospinal fluid, of the Locke’s solution and of the 
blood are approximately the same qualitatively and quantitatively, the 
only effective pressures causing absorption of the Locke’s solution were 
assumed to be the hydrostatic pressure (subarachnoid pressure minus 
sagittal venous pressure) and the osmotic pressure of the colloids of the 
blood. As the osmotic pressure of the colloids of the blood could be 
taken to be constant during the period of observation, it was possible to 
plot the rate of absorption in c.c. per minute against the total effective 


pressure—hydrostatic pressure plus colloid osmotic pressure of blood. 


Such a plot showed a clear-cut linear relationship, and suggested that 
the assumed effective pressures were those responsible. 

Under identical experimental conditions in the living dog, the rates 
of absorption of Locke’s solution were next compared with solutions of 
various protein-content. Heterologous dog serum and solutions of gelatin 
and casein all showed rates of absorption considerably slower than that 
f Locke’s solution. At the end of the observation samples of blood- 
serum, of the foreign protein-solution, and of the cerebrospinal fluid (as 
withdrawn after the introduction of the foreign protein) were set up in 
celloidin thimbles for determination of colloidal osmotic pressures. The 
hydrostatic pressure was easily calculated by subtracting the intracranial 
venous pressure from the established subarachnoid pressure ; the osmotic 
pressures of the colloids of the two fluids were related to the computation 
by using the difference between the osmotic pressures of the blood 
and the protein-containing cerebrospinal fluid in the case of the protein- 
solution, and by using the colloid osmotic pressure of the blood alone in 
the case of the Locke’s solution. Calculating the total effective pressure 
(hydrostatic plus colloid-osmotic) and plotting against the rates of 
ibsorption of the two solutions, a straight-line relationship was again 
found. ‘This linear relationship seems to indicate that the physical 
forces underlying the normal process of absorption of cerebrospinal 
fluid are all to be accounted for in this determination of total effective 
pressure—the hydrostatic pressure-difference between subarachnoid 
space and cerebral venous system plus the colloid osmotic pressure of 
the blood. 

With this demonstration of the effective pressure regulating the 
absorption of the cerebrospinal fluid, the next step was to ascertain the 
rates of absorption of non-protein solutions whose concentration of 
erystalloids differed markedly from those of the blood. Distilled water 
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was first used: to our surprise its rate of absorption did not vary from 
that of Locke’s solution. When plotted against effective pressures 
(disregarding its theoretical lack of crystalloid content), the distilled 
water and the Locke’s solution formed the same straight line. A similar 
result was obtained with twice-normal Locke’s solution where the salts 
were added to the solution in double concentration. The most plausible 
explanation for this extraordinary phenomenon is that within the sub- 
arachnoid space the interchange of water and ions was so rapid that the 
foreign solutions were quickly rendered isotonic. 

With this rapid restoration of simple solutions to isotonicity within 
the subarachnoid space, an attempt was made to ascertain if the same 
phenomenon would hold for crystalloids of far larger molecular size 
Following the important observations of Bullock, Gregersen and 
Kinney [5], upon the slow conveyance of sucrose across membranes, a 
5 percent. solution of this sugar in Locke’s solution was introduced int 
the subarachnoid space. The rate of absorption of this solution was 
found to be much slower than that of Locke’s solution: when plotted 
against total effective pressure its rates of absorption formed a straight- 
line relationship, but at a far lower level than with the Locke’s solution 
Here the large molecule of sugar apparently exercised an osmotic pull 
against the colloid osmotic pressure of the blood, decreasing the effective 
pressure over the short period of the experiment (thirty minutes). This 
particular phase of the research is only just under way and far more 
work is required before any broad generalizations can be attempted. 

With these data on the subarachnoid absorption of non-protein and 
protein-containing solutions at hand, it now becomes possible to speak 
with some exactness of the physical forces having to do with the normal 
absorption of the cerebrospinal fluid in four-footed mammals in which 
the central nervous system is so largely held in a horizontal position 
with only the head at a different level. The total effective force whic] 
determines absorption is apparently compounded normally of the hydro- 
static pressure (subarachnoid pressure minus cerebral venous pressure) 
and of the colloid osmotic pressure of the blood. In the four-footed 


mammal the hydrostatic element is of relatively small moment as th: 


pressure of the cerebrospinal fluid customarily exceeds the sagittal 


venous pressure by only 15 to 35 mm. saline, and occasionally th 
former is less than the latter. The major effective force, therefore 
becomes the osmotic pressure of the colloids of the blood, for the cere- 
brospinal fluid is almost totally lacking in proteins. This osmotic pull 
of the blood colloids lies in the neighbourhood of 250 and 300 mm 
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saline. This force seems sufficient to insure the constant absorption of 
cerebrospinal fluid at the same rate at which it is produced. But the 
question immediately arises as to whether alterations in the general 
posture of the mammal will affect this mechanism of absorption. 

This question cannot yet be answered in its entirety, but it has 
importance not only in regard to the physiology of the four-footed 
mammal, but also in regard to the assumption of erect posture by man, 
in whom we are, of course, primarily interested. In its basic form, the 
change in posture can have effect in the absorption of cerebrospinal fluid 
nly if the positional changes in its pressure are such as radically to 
change the magnitude of the hydrostatic pressures which are effective 
in causing the passage of the fluid back into the blood-stream, it being 
ussumed that the colloid osmotic pressure of the blood would remain 
constant during such a positional change. The problem, then, is one of 
information regarding the changes in pressure of the cerebrospinal fluid 
on alteration of position from the horizontal to the two vertical positions, 
ind is intimately connected with the protection of the central nervous 
system against atmospheric pressure. 

It should be a source of great pride to all British anatomists that 
Alexander Monro | 43], the second, should have promulgated a doctrine 
f basic importance to intracranial physiology. In 1783 this Scotch 
inatomist ventured the hypothesis that the quantity of blood circulating 
within the cranium must at all times be constant, ‘‘ as the substance of 
the brain, like that of the other solids of our body, is nearly incompres- 
sible’ and as the brain “is enclosed in a case of bone.” Having no 
knowledge of the cerebrospinal fluid, in spite of the publications of 
Haller and Cotugno some years before, Monro assumed a constant 
intracranial volume in which alterations in arterial volume must be 
compensated for by reciprocal changes in the venous volume. The 
original hypothesis, receiving apparent verification in the observations 
37|, has become quite properly known as the Monro- 
Kellie doctrine. Modified by Burrows [6], who, in 1846, introduced 
the cerebrospinal fluid into the concept, the doctrine has come down 
through a century and a half without great change in its essentials : 
the entire physiology of the intracranial fluids has to be discussed in 
‘closed box ” character of the 


f George Kellie 


‘ 


terms of the limitations imposed by the 
bony containers—skull and vertebral column. 

During the last forty years great interest in the doctrine has been 
apparent. Leonard Hill [33], in his important study of intracranial 
hydrodynamics, considered the hypothesis essentially sound; Dixon and 
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Halliburton |11] tended to regard it as not affecting in any major way 
the pressure-relationships within the cranium. My own interest in the 
Hughson | 61, 62, 63] in which marked alterations in the pressure of 
the cerebrospinal fiuid were obtained by the intravenous injection of 
solutions whose salt-content varied markedly from that of the blood. 
With the introduction of large amounts of strongly hypertonic solu- 
tions (30 per cent. NaCl) into the blood-stream, negative pressures 


doctrine came through experiments with McKibben [64, 65] and with 


(i.e. below atmospheric) were frequently observed within the cerebro- 
spinal fluid. Such negative pressures could exist only if the bony 
containers of the nervous system functioned as a closed box, so that 
atmospheric pressure could not directly affect the tissues and fluids 
within the container. It was realized then that this demonstration of 
the rigid box character of the skull and vertebral column was achieved 
by drastic means and gave no information regarding the smaller elements 
of elasticity within the system. Subsequent investigation has given 
more detailed knowledge of the limitations of the doctrine which may 
still be considered to be essentially sound. 

Six or seven years ago, experiments dealing with the pressure-changes 
about the central nervous system on abrupt tilting of an animal from 
the horizontal to the two vertical positions were undertaken. In the 
first of these observations | 55] it was learned that in dogs with a spinal 
length of approximately 400 mm. the pressure-changes in the cerebro- 
spinal fluid on tilting were only one-third to one-fourth of the length 
of the hydrostatic column of the fluid. The fact that the whole 
hydrostatic column of cerebrospinal fluid is not effective in the vertical 


positions of the four-footed mammal indicates [58| that the bony 


coverings of the central nervous system do protect this structure from 
atmospheric pressure and thus function like a closed box. If this pro- 
tection were perfect no measurable pressure-changes in the cerebro- 
spinal fluid on tilting would occur. The occurrence, however, of these 
measurable pressure-changes leads to the idea that there are within these 
bony coverings elements of elasticity which allow a certain dislocation 


of fluid to occur on positional change. Such pressure-changes can be 


measured in an external system which permits no external dislocation 
of fluid: the dislocation of cerebrospinal fluid therefore occurs within 
the dural sac whenever positional change of the mammal is effected. 
This dislocation of the fluid on tilting from the horizontal to the vertical 
positions has led to the determination of the coefficient of elasticity of 


the system [17, 18, 59, 60]. By the use of manometers of different 
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bores, pressure-changes and volume-changes in the fluid on tilting were 
obtained, for as the caliber of the manometer was increased the pressure- 
change became less and the volume-change greater (until the limit of 
fluid-dislocation was reached). The elasticity of the system was then 
determined in exact terms by substituting in the standard physical 
formula where the elasticity is considered to be the stress divided by 
the strain—i.e. E = dP i Using this formula, as had been done in 
1 somewhat different way by Ayala [1, 2], it was found that the elas- 
ticity of the intradural contents was of approximately the same 
magnitude in the four mammals tested—dog, cat, macaque and chim- 
panzee; the elasticity showed definite differences in the age-groups of 
these laboratory animals. The coefficient of elasticity was of the same 
magnitude when determined from the pressure-changes and volume- 
changes on head-down and tail-down tiltings. From this identity of 
the elastic components it seemed fair to conclude that in the assumption 
of the erect posture by certain mammals no special mechanism of 
adjustment for the hydrostatic column of cerebrospinal fluid had been 
developed 56, 57 

With such elasticities existing within the cranium and vertebral 
column, permitting a dislocation of fluid from the uppermost to the 
lowermost portions of the nervous system in the vertical position of the 
mammal, it becomes interesting to speculate as to the anatomical and 
physiological elements which give rise to this elasticity. First of all, 
it is apparent that the vascular bed—particularly the great venous bed 
contributes an essentially large element of elasticity, for changes in 
the volume of the cerebrospinal fluid are rapidly compensated for by 
reciprocal change in the venous volume. Likewise there is an element 
if elasticity in the epidural space of the spinal region: the spinal dura, 
fairly rigid against expansion outward, can collapse inwardly due to 
stretch of the epidural trabecule and dilatation of the thin-walled 
epidural veins. And perhaps there is a _ factor of elasticity in 
the occipito-atlantoid ligament and in the various intervertebral 
structures. 

Now that we have some conception of the elastic elements about 
the nervous system it is possible to reach certain general ideas regarding 
the process of absorption of cerebrospinal fluid in the erect posture. 
In the four-footed mammal the cranium has been demonstrated to be 
the chief site of fluid-escape; in a dog of 400 mm. spinal length, 
tilting to a vertical, tail-down position (erect posture in man) causes a 
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fall in occipital cerebrospinal fluid pressure of slightly over 70 mm. 
saline while the sagittal venous pressure drops by 80 mm. Such 
decreases in pressure would result in an intracranial pressure of plus 
50 mm. for the cerebrospinal fluid and of plus 30 mm. for the sagittal 
sinus. Under these circumstances—the figures set down are approxima- 
tions—absorption of cerebrospinal fluid would still proceed from the 
cranial membranes as a hydrostatic element (though small) would still 
be present, and the colloid osmotic pressure would be the same as in 
the horizontal position. Under these circumstances also, there might 
possibly be an increased absorption through spinal mechanisms though 
the rise in systemic venous pressure in the lower part of the animal’s 
body might overcome any increase in the hydrostatic element. 

Can this process of reasoning now be applied to the conditions in 
? The many important observations (particularly by 


erect man A 
Zylberlast-Zand [68], Pfaundler [45], Ayer |3],and Barré and Schrapf 


{|}, on differences in lumbar pressure of the cerebrospinal fluid in man 
in the prone and erect position indicate that a comparable dislocation of 
fluid occurs in man as in the four-footed mammal on positional change. 
\yer’s finding of a small negative pressure on cistern puncture in man 
in the sitting position and Walter’s [50] stimulating deduction that in 
erect man the point of atmospheric pressure is in the mid-thoracic 
region, allow one to hypothesize that in this position man has a 
negative pressure of not less than minus 400 mm. saline at the cal- 
varium. If, under such circumstances the pressure in man’s sagittal 
sinus be still positive (and on this score we have no information), the 
hydrostatic element (subarachnoid pressure minus sagittal pressure) 
would be negative by 350 to 400 mm. This negative pressure would 
be sufficient to overcome the osmotic pressure of the colloids of the 
blood and no absorption of cerebrospinal fluid could take place in the 
sagittal sinus. In the more dependent parts of the nervous system 
absorption could still proceed. But this is speculation and rests 


too largely on supposition of pressures rather than upon actual 


determinations 


These then are a few of the problems, a few of the aspects, of the 
cerebrospinal fluid which have interested workers during the last few 
decades. The tale related is woefully incomplete, but the limitations 
of time prohibit the presentation of an entire viewpoint. More 
information is needed at almost every corner in these considerations 


of the fluid; research alone can supply this needed information but it 
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must go forward with due appreciation both of morphology and of 
function. ‘That this research will be done there can be no doubt, for 
this clear, limpid fluid about the nervous system has interested many 
in the past and it will continue to do so in the future. 


REFERENCES. 


1} Ayana, G. 1923. ‘*Ueber den diagnostischen Wert des Liquordruckes und einen 
Apparat zu seiner Messung,” Zeitschr. f. d. ges. Neurol. u. Psych., 84, 42. 
Idei 1925. ‘* Die Physiopathologie der Mechanik des Liquor cerebrospinalis und 
der Rachidialquotient,”’ Monatsschr. ts Psyc h. u. Neurol., 58, 65. 
AyreR, JAMES B. 1926. ‘* Cerebrospinal Fluid Pressure from the Clinical Point of 
View.”” The Human Cerebrospinal Fluid, Chap. xi, p. 159 (Assoc. Research Nerv. 
and Ment. Dis., vol. iv, N.Y.). 
Barrer, J. A.,and Scurapr,R. 1921. ‘‘ Sur la pression du liquide céphalo-rachidien,” 
Bull. Med. Par., 35, 63. 
Lock, L. T., GREGERSEN, M. I., and Kinney, R. 1935. ‘The Use of Hypertonic 
Sucrose Solution intravenously to reduce Cerebrospinal Fluid Pressure without a 
ndary Rise,” Amer. Journ. Physiol., 112, 82. 
ORGE. 1846. ‘‘On Disorders of the Cerebral Circulation.” London. 
EK. LeGros 1920. ‘*On the Pacchionian Bodies,’’ Journ. Anat., 55, 40. 


1922. ‘*Sur le développement des méninges chez la taupe,’’ Arch. Biol., 


MENICO. 1764. ‘* De ischiade nervosa.’’ Vienne, 1770. 
\LTER E, 1929, ** Where is Cerebrospinal Fluid absorbed ?” Journ. Amer. 


c., 92, 2012. 
E., and Hatxuipurton, W. D. 1914. The Cerebrospinal Fluid. II. 


ospinal Pressure,” Journ. Physiol., 48, 128 
AN, 1923. ‘*Spinal Arachnoid Granulations with especial reference to th« 
Cerebrospin il Fluid,” Bull. Johns Hopkins Hi sp., 34, 99. 
R. 1920 ‘ Formation of Macrophages by the Cells lining the Subarach- 


Essick, C. R. 


noid Cavity in response to the stimulus of Particulate Matter.’’ Contributions to 
Embryology, No. 42, Publication No, 272, Carnegie Inst., Wash., 377. 

J.-J.-A.-E. 1853. ‘* Des granulationes meningiennes,” Thése de Paris. 
EXNER, L. B. 1929. ‘‘The Development of the Meninges in Amphibia: A Study 
»§f Normal and Experimental Animals.’’ Contributions to Embryology, No. 110, 
blication No. 394, Carnegie Inst., Wash., 20, 31. 

193 ‘*The Chemistry and Nature of the Cerebrospinal Fluid,” Physic 


It, 


., 14, 161 
(NER, L. B.. CLark, JANET H., and WEED, Lewis H. 1932. ‘* The Elasticity of 


Dural Sac and its Contents,’’ Amer. Journ. Physiol., 1041, 292. 
ver, L. B., and Weep, Lewis H. 1933. ‘* Note on Cerebrospinal Elasticity in 
1 Chimpanzee,” ibid., 105, 571. 
EXNER, L. B., and WInTERS, H. 1932 ‘The Rate of Formation of Cerebrospinal 
Fluid in Etherized Cats,” ibid., 101, 697. 
ont-SmiTH, F. 1927. ‘*‘Nature of Cerebrospinal Fluid,’’ Arch. Neurol. and 
17, 31 
1ONT-SMITH 
14, 390. 
Idei 1925. ‘* Cerebrospinal Fluid Chlorids,” ibid., 14, 509. 
Fremont-SmiTH, F., Dartey, M. E., Merritr, H. H., Carrouy, M. P., and THomas 
G. W. 1931. ‘* Equilibrium between Cerebrospinal Fluid and Blood-plasma ; 


i 
F.,and Daitey, M. E. 1925. ‘‘ Cerebrospinal Fluid Sugar,’’ ibid., 


Composition of Human Cerebrospinal Fluid and Blood-plasma,’’ Arch. Neurol. and 


Psych., 28, 1271. 





ORIGINAL ARTICLES AND CLINICAL CASES 


Fremont-SmitH, F., Tuomas, G. W., Dattey, M. E., and Carroti, M. P. 1931. 
‘* Equilibrium between Cerebrospinal Fluid and Blood-plasma; Osmotic Pressure 
(Freezing-point Depression) of Human Cerebrospinal Fluid and Blood-plasma,”’ 
Brain, 54, 303 

AN GELDEREN, C. 1925. ‘* Ueber die Entwicklung der Hirnhiute bei Teleostiern,’ 
Anat. Anz., 60, 48. 

Hatuer, A. 1757. ‘‘ Elementa Physiologie Corporis Humani.’’ Lausanne. 

Hatiinurton, W. D. 1916. ‘*The Possible Functions of the Cerebrospinal Fluid,’ 
Proc. Roy. Soc. Med., 10 (Section of Neurology), 1 
tVEY, S., and Burr, H 1926. ‘* Development of the Meninges,’’ Arch. Neur 
nd Psych., 15, 545. 

Harvey, S., Burr, H., and van Campennout, E. 1933. ‘‘ Development of the 
Meninges,’’ ibid., 24, 683 

Hasstn, G. 1924. ‘* Notes on the Nature and Origin of Cerebrospinal Fluid, 

’ Ment. Dis., 89, 113. 


illed Circulation of the Cerebrospinal Fluid,’’ Jour Amer. Med 


ind Corrie, M. 22. ‘Clinical Pathologic Report of a 
f Pons Hemorrhage (Type Foville),’’ Jowr ferv. and Ment. Dis., 58, 553 
ONARD. 1896. Physiology and thology of the Cerebral Circulation.’’ 


1865. ‘‘ ber ein perivasculiires Canalsystem in den nervosen 
und iiber Beziehungen zum Lymphsystem.’’ Leipzig, Engelmann 
‘*Die Hiiute und Héhlen des Korpers, ein academisches Programm 
PPERS, L.A. 1926 ‘* Meninges in Lower Vertebrates compared with those in 
Mammals,” Arch. Neurol. and Psych., 15, 281. 
KELLIE, GEORGE. : * Appearances observed in the Dissection of Two Individuals 
Death fron ld ar ongestion of the ’ Trans. Med. Chir. Soc., Edin 
1, 84 
KOLLIKER, A 1879 ‘ Entwickelungsgeschichte des Menschen und der hdéheren 
Aufl. Leipzig, Engelmann 
und Scuuttrz,G. M. 1925 ‘ Vital and Supravital Studies of the Cells 
ebrospinal Fluid and of the Meninges in Cats,”’ Bull. Johns Hoplins Hosp., 


Die Adergeflechte des menschlichen Gehirns,”’ Berlin. 


IF ** Recherches sur le liquide céphalorachidien.’’ Paris 


’ 
1842. ‘* Recherches anatomiques et physiologiques sur le liquide céphalo 


rachidien ou cérébrospinal.’’ Paris. 
Monro, ALEXANDER. 1783. ‘* Observations on the Structure and Functions of the 
Nervous System.’’ Edinburgh. 
M NSEN, Orro A., and WEED, Lewis H 1934. ‘* Absorption of Isotonic Fluids 
from the Subarachnoid Space,” Amer. Journ. Physiol., 108, 458. 


PFAUNDLER, M. 1899. ‘* Ueber Lumbalpunctionen an Kindern,’’ Jahr. f. Kinde» 
heilkunde, 49, 264. 

Satyvi, G. 1898. ‘* Histogenése et structure des méninges,’’ These de Paris. 

SCHALTENBRAND, G., and Baitey, P. 1928. ‘‘ Die perivaskuliire Piagliamembran des 
Gehirns,” Journ. f. Psych. u. Neurol., 35, 199. 

STERZI, G 1900-1901. ‘* Ricerche intorno all’anatomia comparata ed all’ontogenese 
delle meningi, e considerazioni sulla filogenesi,” Atti del. Reale Instituto Veneto 
di Scienze, Lettere et Arti, 60, Parte ii, 1101 

Idem 1932. ‘* Recherches sur l’anatomie, comparée et sur l’ontogenese des méninges.’ 
Arch. Ital. de Biol., 37, 257 

Watrer, Fr. K. 1929. ‘* Die Blut-Liquorschranke: eine physiologische und klinische 


Studie.’’ Leipzig. 





CERTAIN ASPECTS OF THE MENINGES AND CEREBROSPINAL FLUID 397 


WereD, Lewis H. 1914. Studies on Cerebrospinal Fluid, No. ii: ‘‘ The Theories of 
Drainage of Cerebrospinal Fluid with an Analysis of the Methods of Investigation.”’ 
Jou Med. Research, 31 (N.s. xxvi), 21. 

Idem. 1914, Studies on Cerebrospinal Fluid, No. iii: ‘‘The Pathways of Escape from 


the Subarachnoid Spaces with particular reference to the Arachnoid Villi,” Journ. 


Ved. Research, 31 (N.s. xxvi), 51. 

Idem. 1914 Studies on Cerebrospinal Fluid, No, iv. : ‘‘ The Dual Source of Cerebro 
spinal Fluid,” Journ. Med. Research, 31 (N.s. xxvi), 93. 
Idem. 1917. ‘* The Development of the Cerebrospinal Spaces 

Contributions to Embryology, No. 14, Publication No. 225, Carnegie Institution, 


in Pig and in Man.’ 


tations the Monro-Kellie hypothesis.’’ Arch. Surgery, 18, 
Some Aspects and Problems of Intracranial Pressures,’’ Bull. Johns 

Hosp., §2, 345. 

33 ‘ Positional Adjustments of the Pressure of the Cerebrospinal Fluid,’ 
Rev., 13, 80. 

W H., and Fuexner, L. B. 1932. ‘* Further Observations upon the 
ellie Hyp tthesis,’’ Bull. Johns Hopkins Hosp., 50, 196. 

32. ‘Cerebrospinal Elasticity in the Cat and Macaque,” Amer. Journ 
, 101, 668 

wis H., FLEXNER, L. B., and Crark, Janet H. 1932. ‘‘ The Effect 

f Cerebrospinal Fluid upon its Pressure,” Jbid., 100, 246. 

, and HuGuson, W. 1921. ‘‘ Systemic Effects of the Intravenous 
jection of Solutions of Various Concentrations, with special reference to the 
ebrospinal Fluid,’’ Jbid., 58, 53. 

1921. ‘*The Cerebrospinal Fluid in Relation to the Bony Encasement of the 

ral Nervous System as a Rigid Container,” Jbid., 58, 85. 

1921] Intracranial Venous Pressure and Cerebrospinal Fluid Pressure as 
ffected by the Intravenous Injection of Solutions of Various Concentrations,’’ 
bid., 58, 101. 

Lewis H., and McKrissen, P. S. 1919. ‘* Pressure Changes in the Cerebro 

Fluid following Intravenous Injection of Solutions of Various Concentra 
Ibid., 48, 512. 
r. 1919. ‘* Experimental Alteration of Brain Bulk,’’ [bid., 48, 531. 
WINKELMAN, N. W und Fay, T. 1930. ‘*The Pacchionian System: Histologic 


ind Pathologic Changes, with particular reference to the Idiopathic and Sympt 


matic Convulsive States,”’ 4 . Neurol. and Psych., 23, 44. 
WooLLAl 
58. 39. 
(LBERLAST-ZAND, N 32 ‘** Sur la modification de la pression du liquide céphalo 


lu changement de position du corps et dc la téte,’’ Ret 


aRD, H. H. 1924. ‘Vital Staining of the Leptomeninges,’”’ Journ. Anat., 


7 
ZVI 





TRAUMATIC LESIONS OF THE OPTIC CHIASMA 


PY H. M. TRAQUAIR, NORMAN M. DOTT, AND W. RITCHIE RUSSELL 


DAMAGE to the optic chiasma, as evidenced by the occurrence of 
temporal defects in both visual fields, is an uncommon complication 
f head injury. Cantonnet and Coutela [4] in 1906 collected eight 
cases, and Bollack |3] in 1920 analysed seventeen cases. We have 
collected records of twenty-seven, and add three further cases which 
we have recently had the opportunity of studying. 

The original records of some of the cases which have been described 
as injuries of the chiasma appear to be too indefinite to justify inclusion 
in the series. They are the cases described by Granger [12], by 
Griffith [13], by Morlan [25], Nieden’s second case [26] Coppez second 
and third case [5 | and the cases described by Dejean and Bonnahon [7]. 
The reason for omitting these cases is, either that the connection 
between the injury and the visual defect is uncertain, or else that the 
visual defects described could have been readily produced by lesions of 
other parts of the visual pathway without chiasmal involvement. A 
difficulty arises with regard to those cases in which there is complete 
blindness in one eye and temporal hemianopia in the other. This may 
be produced by damage to the optic nerve and optic tract of the same 
side. It may also follow bilateral damage to the optic nerve, as temporal 
hemianopia may occasionally be produced in this way [33]. As it seems, 
however, to be more probable that the damage in these cases is to the 
optic chiasma and to one optic nerve, they are included in this study. 

The main features of the published cases are recorded in Table I 
We have been unable to obtain the original descriptions of the cases 
described by Lambert [21], Dumont [9] and Hoffman [15] (Cases 4, 9 


und 13). These are, however, mentioned briefly in a table in Bollack’s 


paper, and the particulars given there are included in Table I. 

The following are the three cases we have had the opportunity of 
studying :— 

Case 28. Personal case A. A blacksmith, aged 24 years, was admitted 
to hospital in a semi-comatose condition on December 23, 1933. Shortly 


before admission he had fallen from a roof on to a concrete pavement, a 
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distance of about 20 ft. We are indebted to Mr. J. W. Struthers for permission 
to study this case. On admission there was bleeding from the nose, but none 
from the ears. There was a depressed fracture of the right frontal bone 
which involved the inner part of the right supra-orbital ridge. X-ray 
examination showed a large , V-shaped fracture of the right frontal region, 
but there was no visible evidence of the fracture spreading to the base of the 
skull 

The patient remained in a state of restless stupor for the following week. 
There was then a sudden rise of temperature, and the cerebrospinal fluid was 
found to be turbid, though there were no organisms present. After a further 
period of a week, the temperature returned to normal, and gradual recovery of 
consciousness occurred about four weeks after the accident. 

When examined on January 9, 1934, the line of the fracture was easily felt 


l 


ubove the right eve, and there was subconjunctival haemorrhage on the oute 





Stroke out Scale not required Mark out blind spot 





a / 
4 res 310 ° 230 
i , “> osrecrs| 72000 200 sag = 6% 
460 _— -_ —m 25° en 290 i? Vision 36 


Date 



































FG, 





1.— Visual fields of Case 2s, personal case A 





aspect of this eye. Headache was severe and the patient was still stuporose. 
The pupils were each 5 mm. in diameter and reacted sluggishly to light. 
There was slight drooping of the right eyelid and limitation of the upward 
movement of this eye. Ocular movements were otherwise normal. 

On January 21, 1934, full consciousness had returned. The sense of smell 
was impaired on the right side. With each eye the patient was able to read 
large print with difficulty. The appearance of the optic dises was normal. 
There was complete bitemporal hemianopia to rough tests. The palpebral 
aperture was smaller on the right side than on the left. The pupils were very 
large, 9 mm. in diameter, but equal. They reacted briskly to a spot of light 
thrown on the temporal half of each retina, but showed no reaction when light 
was thrown on the inner half of each retina. Ocular movements appeared to 
be full in all directions, but diplopia was present in whatever direction the 
eyes were turned. This diplopia remained a crossed diplopia in whatever 
direction the eyes were looking. Both images were vertical, but the image 
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on the right was slightly lower than that on the left. Apart from a slight 
degree of deafness of the right ear, there was no further abnormality 
detected on full examination. 

On February 25, 1934, the visual acuity was right (with 1°0): 3°;, and 


left (with 15): 4%. Both optic dises showed marked pallor. The visual 
fields (fig. 1) showed sharp bitemporal hemianopia with intersection of the point 
of fixation on both sides. The smallest object elicited a slight defect in the lower 
nasal field of the right eye. Crossed horizontal diplopia was still present in 
whatever direction the eyes were turned, and if the patient was instructed to 
look intently at an object, a slight divergent strabismus became apparent. 


Case 29.—Personal case B. A miner, aged 27, was thrown from his motor 


eycle on June 4, 1932, and was at once rendered unconscious. He was admitted 


to Mr. J. M. Graham’s ward in Edinburgh Royal Infirmary, and we are indebted 


to Mr. Graham for permission to study the case. The accident caused gross 


Visual field of Cas , personal case 


etfusion into the eyelids and bruising of the left frontal region. There was 
bleeding from the nose, but none from the ears. X-ray examination of the 
skull showed no evidence of fracture. There was a fracture of the left femum 
and left arm. The patient recovered full consciousness two weeks after the 
accident. Examination then revealed complete blindness of the left eye, and 
temperal hemianopia of the right visual field. The pupils were equal, but 7 mm. 
in diameter. There was complete paralysis of the outward movement of the 
left eye. Wernicke’s hemianopic pupillary reaction was clearly present when 
tested on the right eye There was no direct light reaction of the left pupil 
Full examination showed no further abnormality. The patient returned to 
full work underground in January, 1933, by which time the 6th nerve paralysis 
had completely recovered. There were no post-concussional symptoms. 

The visual acuity two months after the accident was § in the right eye 
and this was unchanged in March, 1934. The left eye remained quite blind. 
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The visual field was charted in August, 1932, and in March, 1934, with a 
similar result (fig. 2). The hemianopice nature of the field defect is brought 
out by the graded perimetric chart. Wernicke’s hemianopic reaction was still 


clearly present in March, 1934. 

Case 30.—Personal Case C. A married woman, aged 40, was examined by 
one of us on March 1, 1934. She said that she was involved in a motor car 
collision on November 4, 1932. She was thrown forwards and struck her head 
violently against the steering wheel. She was rendered unconscious immedi- 
ately, and sustained three deep vertical wounds in the centre of the forehead 
and above the left eyebrow. There was no bleeding from the nose or ears. 
The exact duration of unconsciousness is not known, but on the fourth day 
she could speak rationally and could see. The only obvious symptom at this 


time was severe headache. A few days later, as soon as she was able to take 
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sutticient notice, she complained that her vision was impaired, and that she 
could neither taste nor smell. Loss of memory extends from fifteen minutes 
before the accident to several weeks after it. Headaches ceased a few weeks 
after the accident, and she left hospital. Sense of smell and taste never 
returned, and her visual difficulty continued. She was conscious of the 
temporal restriction of her visual fields and she experienced difficulty in 
estimating the speed and distance of an approaching object, as in judging the 
distance of the green at golf, and in estimating the position of a cup when 
pouring tea. Within a few weeks of the accident she began to put on weight 
rapidly. She had been about 9 st. for many years, and, during the seventeen 
months since the accident, had increased to 11 st. 10 lb. Since recovering 
from the immediate effects of the accident the patient’s temperament has been 
altered. Formerly a vigorous and active personality, she now lacks initiative 
and interest, and is subject to periods of depression. There has been no 
polyuria since the accident, and menstruation has remained regular. 


BRAIN—VOL, LVIII 
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The patient was of average height and build, and was moderately obese. 
The scars in the forehead were well healed and there was no underlying irregu- 
larity of the bone. X-ray examination was not made. There were no evident 
mental or intellectual abnormalities. There was complete bilateral anosmia 
There was slight pallor of the right optic disc, but the left dise had a normal 
appearance Visual acuity was, right: ",, left: $. There was complete, 
clean-cut, bitemporal hemianopia, with bisection of the macula on the left, 
and with a small scotomatous encroachment on the macula on the right side. 
There was a slight relative depression of the lower nasal quadrant in both 
fields (fig. 3). The Wernicke pupillary reaction was not tested. The remaining 
cranial nerves showed no dysfunction and no other abnormalities were 


discovered. 
DISCUSSION. 


In view of the great increase in the number of head injuries caused 
by road accidents, it is surprising that more cases of chiasmal damage 
have not been reported. One of us (W.R. Kk.) has personally examined 
over 450 cases of head injury admitted to Edinburgh Royal Infirmary, 
and Cases Nos. 28 and 29 are from this series. As others have pointed 
out, chiasmal damage may escape diagnosis, especially when the visual 
acuity is little impaired, and when the field defect is slight or transient 
as in Cases 21 and 24 

The main features of the published cases are indicated in Table | 
In twenty-one of the thirty cases the main injury was to the frontal 
region, in four cases the injury was to the temporal or parietal region, 
and in the remainder the site of injury was not recorded. The cases 
described by Griffith and Redslob have been quoted as examples of 
chiasmal injury following occipital injury. Griffith’s case is, however, 
too indefinite to be included in the series, and in Redslob’s case (No. 10) 
there was a depressed frontal fracture in addition to the occipital injury 

A fall from a height was the commonest cause of the injury (eleven 
cases Motor car and motor cycle accidents conti ibuted five of the more 
recent cases. In accidents such as these the head travelling with great 
momentum becomes arrested suddenly by a hard surface; such a 
mechanism produces, not infrequently, the most severe type of head 
injury. 

X-ray examination of the skull was carried out in six cases. None 
of these showed gross fracture involving the sphenoid, nor did they show 
displaced fragments of bone in this situation 

Paralysis of one sixth nerve occurred in seven cases, and partial or 


complete paralysis of one third nerve was reported in seven cases. In 
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one case (No. 22) both third and sixth nerves were damaged ; they were 
affected on opposite sides. 

Loss of the sense of smell was reported in five cases. 

Impairment of the sense of hearing was present on one side in 
six cases, and in each of these bleeding from the affected ear had 
occurred. 

Facial paralysis occurred in one case. 

Polyuria followed the injury in seven cases. In two of these, 
Cases 1 and 8, the polyuria passed off within a few months of the 
injury. 

Behr’s case (No. 21) and our case (No. 30) developed progressive 
adiposity without there being any other symptoms of hypothalamic 
disturbance. 

Wernicke’s hemianopic pupillary reaction was reported to be 
positive in nine cases, negative in three, and doubtful in three. Diffi- 
culty in testing the reaction may be the cause of this uncertainty. We 
have found the following method of testing the reaction to be simple 
and effective. The light of an electric ophthalmoscope is focussed in 
such a way that on examining the fundus, with the instrument held at 
a distance of say three inches from the eye, a point of light is seen to focus 
on the retina. Wernicke’s reaction can then be tested at any part of 
the retina by holding the ophthalmoscope at this distance of three 
inches from the eye in the corresponding part of the visual field. A slight 
rotation of the instrument is made to direct the focussed light into the 


eye while the patient maintains fixation on a distant object. It is 


obviously essential that the light should focus to a point not on the 
cornea, but on the retina. 

Impairment of visual acuity in one or both eyes was usually present. 
There was complete blindness of one eye in seven cases. In four of 
these the visual acuity of the other eye was normal. In the remaining 
23 cases some vision was present in both eyes. In four, the visual 
acuity was normal in both eyes. In three, there was normal acuity in 
one eye, while in 14 cases vision was reduced in both eyes. In two 
cases the visual acuity was not reported. 

The line of the hemianopia bisected the fixation point in eight cases. 
In sixteen cases there was sparing of the field at the fixation point for 
a few degrees in the temporal field. 

Vision deteriorated gradually in Cases 5 and 12. In Case 16, vision 
improved in one eye and deteriorated in the other. In the remaining 
cases, where progress was reported, vision either remained unaltered or 


improved slightly. 
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The crossed diplopia which occurred in our first case (No. 28) 
and in Case 5 is similar to that described by Kubie and Beckmann in 
cases of bitemporal field defect | 20 


PATHOLOGY. 
The mechanism by which these chiasmal injuries are produced 
remains uncertain. Liebrecht |23] considered that a gross division of 


Fic. 5. Edge of the area of softening in the optic chiasma. 


the chiasma occurred, and described a fatal case in which a tear of the 
chiasma was found. Koerber [19] also found a tear of the chiasma 


in a case that died immediately as a result of a very severe injury. In 


both these cases, however, the injuries were very gross, and are of 
little value in elucidating the mechanism in patients who survive the 
injury. 





TRAUMATIC LESIONS OF THE OPTIC CHIASMA 407 


Liebrecht’s later case (No. 16) is of importance because death 
occurred three years after the injury, and an incomplete post-mortem 
was carried out. The optic nerves and chiasma were found to be 
atrophic, and an old crack was found in the left orbital plate which 
continued backwards to the right side of the sphenoid and also to the 
left optic foramen. 

In the type of case we are considering the visual disturbances were 
caused at the time of the injury, and it is therefore necessary to con- 
sider the mechanism by which chiasmal conduction can be suddenly 
interrupted by violence. 

Division of the chiasma by a piece of displaced bone can with con- 


fidence be excluded as a cause. The chiasma lies at least one centimetre 


above and behind the optic groove, and in no case has there been 
evidence of gross bony displacement in this situation. Sudden stretch- 
ing of the chiasma by forcible separation of the optic foramina has been 
suggested as a cause by Coppez |5|. An extensive antero-posterior 
fracture in the centre of the base of the skull would, however, be 
necessary for any movement of this nature to occur. There is no evidence 
that a fracture of this type occurs in these cases, and this idea would 


not explain those cases which result from violence directed to the 


lateral aspect of the skull. 

There is therefore little evidence to support the view that a direct 
tear of the chiasma occurs, and the only obvious alternative explanation 
is that the injury interrupts the vascular supply to the chiasma and so 


impairs its conductivity. 
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The chiasma is supplied by a rich network of vessels derived from 
the internal carotid arteries and their branches. These vessels at their 
origin are firmly fixed to the base of the skull, and any movement of 
the brain and chiasma relative to the skull may result in the tearing of 
these small vessels. The probable importance of the movement of the 
brain relative to the skull in the production of certain brain injuries has 
been emphasized by one of us [30]. The occurrence of vascular injury 
seems, therefore, to provide a probable explanation of the mechanism 
by which the conductivity of the chiasma is injured in these cases. One 
of us (H. M. T.) has previously come to a somewhat similar conclusion 
with regard to the mechanism by which the optic nerve is injured in 
head injuries. The tearing of pial vessels which supply the hypothalamus 
and tuber cinereum will readily explain the occasional occurrence of 
polyuria and adiposity in these cases | 2 

The important part which vascular damage may play in the produc- 
tion of chiasmal softening is suggested by the following case. One of us 
(N. M.D) removed a small suprasellar meningioma on September 10,1933, 
from a woman aged 63. The patient was also afflicted with a marked 
degree of generalized arteriosclerosis, the retinal vessels being conspicu- 


ously thickened and the systolic blood-pressure being 180 mm. Before 


operation there was incomplete bitemporal hemianopia and vision was 
only moderately impaired. The operation was carried out without 


difficulty, and only very slight manipulation of the optic chiasma was 
necessary. After recovery from the operation, however, the patient 
was found to have lost all vision in both eyes. An accidental fall about 
a month after the operation caused death. At post-mortem examination 
there was no definite naked-eye abnormality of the visual paths, but 
microscopic examination showed extensive softening of the chiasma and 
optic nerves. There was also gross thickening and degeneration of the 
arteries supplying the chiasma and optic nerves (figs. 4, 5, and 6). It 
seems probable in this case that slight operative trauma caused throm- 
bosis of the diseased arteries supplying the chiasma and optic nerves. 
We suggest that in traumatic cases tearing of the chiasmal vessels can 
produce a similar interruption of function and softening of the chiasma. 

It is interesting to compare the visual field changes which occur in 
traumatic cases with those which occur when the chiasma is pressed 
upon by a tumour from below. In the latter case the field changes 
tend to occur in a regular sequence; the upper outer quadrants fail 
first, the lower outer quadrants next, the lower nasal quadrants third in 
order and the upper nasal quadrants last. The failure of the fields tends, 
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therefore, to occur in a clockwise direction in the right field, and ina 
counter-clockwise direction in the left field. The perimetric charts of 
our three traumatic cases show that there is a tendency for the fields 
to be involved in similar way to the above. This is shown by the 
defects of the lower nasal fields in figs. 1 and 3; and also in the preserva- 
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Visual fields of Case 18, Liebrecht’s case ( 


tion of the lower temporal field in fig. 2. Another feature of the fields 


which may be seen in tumour cases is the persistence of an island of 


vision in the temporal field which is usually situated on or slightly below 
This may be the last part of the temporal 
In 


the horizontal meridian. 
field to disappear in cases of tumour pressing on the chiasma. 


Case 16 of the present series which was reported by Liebrecht, a 
temporal island of this type was present in both fields (fig. 7). In 
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Case 18 there were unusual field changes (fig. 8), of a type which have 

been described in cases of pituitary tumour [14]. i 
There is, therefore, much resemblance between the field changes 

which occur in injury and in tumour cases. This suggests that the 


mechanism of chiasmal injury in tumour and traumatic cases is similar. 


If the possible mechanisms by which the chiasma may be damaged in 


traumatic and tumour cases are considered, the obvious factor comrbion 
to both is that. in each type of case, the vascular supply of the chiasma 
is impaired. In the traumatic cases this is probably effected by violent 
rupture of some of the vessels, followed by surrounding local thrombosis 
and softening. In tumour cases a similar result is brought about by 
more gradual stretching and final obliteration of the same vessels. It 
seems therefore probable that in both tumour and traumatic cases, the 
interruption of conduction in the chiasma is dependent mainly on a 


gradual or abrupt impairment of its blood supply. 


SUMMARY 

The published cases of chiasmal injury have been abstracted, and 
three further cases have been described. 

The clinical features of the cases, and the associated cerebral 
disturbances which may occur, have been considered. 

The visual field changes have been compared with those which 
occur in cases of tumour pressing on the chiasma. 

The mechanism of chiasmal injury has been discussed, and it has 
been suggested that, in both traumatic and tumour cases, the primary 


damage is to the vessels supplying the chiasma 
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REACTIONS OF A DOG AFTER REMOVAL OF THE 
CEREBRAL HEMISPHERES. 
BY S. I. LEBEDINSKAIA AND J, S. ROSENTHAL. 


1 


Department of the Institute for Ewperimenta Ved 


THE experiments were carried out on a young male dog weighing 
13°5 kg., “‘ Zavetny’’ by name. Hiscerebral hemispheres were removed 


by two successive operations, the right hemisphere on April 1, 1930, 


the left on May 27, 1930. The operations were carried out without 
great loss of blood, and thus it was possible to remove the hemispheres 
without damaging the subcortical matter 

On April 24, 1930, the gastric and salivary (left parotid) fistula 
were made. 

The dog began to walk on the third day after the second operation 
At first he walked in circles, leftwards, throwing up his front paws high 
when he was moving fast, shuffling them along the floor when he was 
moving slowly. When attempting to shake himself the dog sometimes 
fell. By the beginning of August all these motor disturbances had 
disappeared. 

“ Zavetny’’ also began to eat on the third day after the second 
operation. However, he never seized his food, but licked it up slowly. 
His ration consisted of 400 ¢c.c. of milk, 200 grm. of bread, 100 erm. of 
raw meat, 300 grm. of cooked oats and a tablespoonful of cod-liver oil, 
all mixed together. The quantity was given him twice a day, but he 
would not eat it in the beginning, and what he left was introduced via 
the fistula into his stomach. Gradually he began to eat more, and three 
months after the last operation was able to finish off his rations. In the 
last six months of his life he ate in the normal way, that is, seized his 
food, and not merely licked it up. However, “ Zavetny’’ never learned 
to find his food ; the basin containing food had to be brought close to 
his nose for him to take it. 

With these rations ‘‘ Zavetny ” kept his weight and looked fit and 
well, and had an excellent coat, which showed that he was in good 
physical condition. 

The experiment of March 26, 1931, may serve as an illustration of 
unconditioned alimentary activity. To the stimulus of food consisting 
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of 5 grm. of meat-and-bread powder, his first salivary response was 35 
drops, his second 31 drops. After pouring 10 c.c. of 0°25 per cent. 
hydrochloric acid into his mouth, the salivary response via the parotid 
fistula was 62 drops. Such quantities are characteristic of normal dogs. 

To compare the proportionate periods of sleep and wakefulness of 
“ Zavetny ” with those of normal dogs, we put him under continuous 
observation for several days and nights. The normal “control” dogs 
slept on the average sixteen hours out of twenty-four. Sleep generally 
took place at night and in the evening with interruptions occurring 
every two to three hours, sometimes more often. During these short 
waking periods the dogs changed their position, scratched or licked 
themselves and sometimes urinated or defecated. ‘‘ Zavetny”’ slept 
also mostly at night and in the evening, but he was different from 
normal dogs in that he slept sometimes for seven to seven and a half 
hours without changing his position. It was difficult to rouse him even 


by loud noises, while normal dogs were roused instantly by the sound 


of our steps. This points again to the greater sensitiveness of the 
cerebral cortex to external and internal stimuli when compared with 
the subcortical matter. 

His total period of sleep per twenty-four hours sometimes equalled 
that of normal dogs, sometimes it was as little as eight hours out of 
twenty-four. In such cases the waking state occupied sixteen hours, a 
feature that reminds one of Goltz’s dog whose rest-and-sleep periods 
were considerably reduced as compared with normal dogs. 

In addition to these prolonged periods of continuous observation we 
also observed “‘ Zavetny ’ for many hours during our experiments on 
the extinction of the orientation reflex. Asa rule the dog remained 
awake during the first half of the day. He walked about the room in 
every direction, sometimes running from wall to wall, sometimes 
scratching the door, barking or whining in an unusual manner. The 
transition from wakefulness to sleep took place gradually. ‘* Zavetny ” 
would begin to walk more slowly and to stop more often, thrusting his 
nose into a corner or against a wall; he would close his eyes now and 
again, then his front paws would slide apart and the animal would sit 
down slowly. Having satin this position for one to five minutes he 
would suddenly relax and his body would slip into a lying position, 
mostly on its belly or on its side with legs stretched out, more rarely 
curled up. There never was any attempt to find or choose a place to 
lie down. During the first two-thirds of his life without hemispheres 
‘““ Zavetny "as a rule slept soundly and in comfortable positions, but in 
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the last few months such postures were not observed. On the contrary 
the dog slept in surprisingly uncomfortable positions, such as lying 
on his belly with paws stretched forward and apart, his nose thrust into 
the floor, or sometimes with his head thrown backwards in a most 
unnatural way. 

The transition from sleep to wakefulness took place instantaneously ; 
the animal rose to his feet with ease and speed. When pushed over on 
to the floor ‘“* Zavetny ”’ got up at once. 

In the autumn of 1930 (September 9) and in the spring of 1951 
(May 18) we brought “ Zavetny’’ into contact with a bitch on heat. 
He followed her persistently, licking her, biting her lightly, sometimes 
standing tensely and even trying to clutch her with his front paws in 
various places (front, side and back), but no erection took place 

His temperature regulating function remained normal. Goltz 
mentions that his dog felt warmer to the touch than normal dogs. We 
experienced the same sensation to our hands when touching “ Zavetny,”’ 
but his temperature, which we took frequently, remained between 39°1 
and 3s” ( The majority of normal dogs have an average temperature 


of about 38°5* C. (small dogs have higher temperatures). It is possible 
that a hemisphereless dog loses more warmth during sleep than normal 
dogs do, as he sleeps stretched out and not curled up. In this case it 
is intelligible why he should have had a slightly higher temperature than 
normal. The cooling of the dog (February 27, 1951) in the street at a 
temperature of 10° C. for half an hour raised his temperature in the 
room from 39°7° to 40° C. The cooling of Goltz’s dog was followed by 
a drop in body temperature. 

“ Zavetny’ was not guided by vision. When moving about the 


room he walked into walls as if there were nothing in front of him, 


touched them with his front paws or nose, and only then changed his 
direction. In a large room with furniture he invariably walked into 
obstacles, and if his feet or head got entangled and stuck in an un- 
comfortable position, he did not try to free himself by a series of 
co-ordinated movements like a norma! dog, but disentangled himself 
eventually after many fruitless attempts merely by accident, because 
in the mass of his disorganized movements there happened to be some 
which effected his release. Ifthe dog, being hungry, accidentally walked 
into a basin of food, he would bite the edge of the basin until his nose 
“ame in contact with the food. 

The pupillary reflex took place when light was thrown into the 


dog’s eyes. 
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His taste reactions were normal: he immediately rejected meat 
damped with a solution of quinine, and would not drink milk contain- 
ing O'l per cent. of quinine, 5 per cent. of common salt or 5 per cent. 
of Liebich extract. Though movements of the head occurred which 
could be described as “‘ seeking’’ or “‘ sniffing’’ reactions, “ Zavetny ” 
failed to find pieces of meat placed in front of him even when he trod 
upon them. When “ Zavetny ’’ was demonstrated at Professor Orbeli’s 
lecture and a piece of sausage was dangled in front of his nose, no 
reaction followed, but when the sausage was brought close to his 
lips, he ate it with an obvious appetite. As arule the olfactory lobes 
are destroyed at the removal of the cerebral hemispheres, and the above 
facts seem to confirm this. 

With regard to cutaneous sensibility, besides his failure to find 
meat when he trod in it, we observed a lowered thermal sensibility of 
the skin. When any of the dog’s paws were plunged into cold water 
(+ 38°C.) he made no attempt to remove it until we did so ourselves. 
In one experiment we held the dog in this position for six minutes. 
Apparently the cutaneous receptors have suffered as well as those of 
other senses. Therefore, to speak of hyperesthesia, postulated by 
Zeliony, is hardly possible. 

Picking the dog up, putting him in the experimental stand, or 
preventing him from walking about on the floor provoked great excite- 
ment on his part and a display of strong motor reactions, panting and 
salivating, sometimes accompanied by biting and barking. However, 
he calmed down quickly when interference ceased. This is an illus- 
tration of one of the basic instincts—reaction against interference with 
the freedom of movement. The mechanism of the summation of 
stimuli in the subcortical matter brings about exaggerated, chaotic 
motor reactions in the absence of the controlling activity of the cortex. 

Touching the hair on the dog’s back did not provoke the “ shaking ”’ 
reaction. 

The pressure exercised through the skin on the mucous membrane 
of the cheeks provoked the chewing reflex. The stroking of the skin 
of the neck towards the chin provoked no yawning reflex, as it did in 
Goltz’s dog. Light stroking elicited no wagging of the tail. 

The scratch reflex was present. However, we could not get the 
‘Bahnung reflex’ to scratching. Scratching of the root of the tail 
provoked, as in Goltz’s dog, the rhythmical putting out of the tongue 
and biting. When the dog was held in the air in a vertical position for 
ten minutes rhythmical flexion and extension of the hind legs began to 
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take place. Pressing on the tail did not inhibit these movements as it 
did in Goltz’s dog. Also in contrast to Goltz’s dog “‘ Zavetny’”’ refused 
to follow us when taken on a lead. He stuck his feet into the ground 
and retreated backwards. 

He urinated in the manner of a female dog. 

The orientation reflex was present. Cutting paper with a knife or 
Zavetny's”’ room caused 


winding a stop watch in the passage adjoining ‘ 
him to raise his head and prick up his ears. We carried out several 
experiments on the extinction of the orientation reflex to various sounds 
(electric bell, baby’s rattle, toy-horn). ‘These experiments took place 
at 11 to 12 in the morning, either before or an hour after feeding. The 
stimulus lasted five seconds and was applied at one-minute intervals. 
\s a rule the orientation reflex was absent more frequently when the 
dog was full than when he was hungry. After meals the animal was 
usually quiet and often fell asleep. But the repetition of the experiments 
brought about uniformity of behaviour, and the differences gradually 
disappeared. The percentage of the absence of orientation reflex became 


the same in the satiate as in the hungry state. This might be inter- 


preted as an indication of the extinction of the orientation reflex. 


The following table illustrates this 


The dog was fed before 
experiment. 

The dog was not fed 

was fed. 

was not fed 


” 


rr) 
was fed. 


In the last two ex 
periments the dog 
remained wide awake 
after feeding. 


—_—_—_— OOOO OOo-—_', CO 


The extinction of the orientation reflex was brought down to two or 
three noughts, that is, if no orientation reflex was provoked by two to 
three consecutive stimuli, we regarded it as extinguished. If after this 
a new stimulus was applied, the orientation reflex generally reappeared. 

The extinguishing of the orientation reflex and training in the 


process of inhibition, which is clear from the table in the case of rattle, 
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are properties of cortical activity. These experiments made it clear 
that some part of the cortex had not been removed and continued to 
function. It also made intelligible the establishing in ‘‘ Zavetny ” of a 
conditioned salivary reflex to a metronome. However, the establishing 
of this reflex took a long time. It appeared first at the 250th applica- 
tion as 3 drops, during thirty seconds of the isolated application of the 
stimulus. One of these experiments demonstrating ‘‘ Zavetny’s ”’ 
conditioned reflex was done in the presence of Professor Pavlov (on 
May 12, 1931) and was a complete success. 3ut even earlier, in 
December, 1930, we noticed ‘‘ Zavetny’”’ standing up on his hind legs 
and scratching the door leading into the passage where he was usually 
fed when we approached that door in the morning, and he could hear 
our steps outside. We had never seen him before standing up on his 
hind legs or scratching the walls, and for a long time could not under- 
stand this behaviour. The establishing of a conditioned reflex to the 
metronome explains it, however, as another alimentary conditioned 
reflex established to the sound of footsteps. 

On April 15, 1931 “ Zavetny ”’ had his second fit of convulsions of a 
clonic type. On May 29, 1951, a third fit of the same kind occurred 
which ended in the dog’s death. Thus “ Zavetny ” lived without cerebral 
hemispheres for one year and two days. The weight of his corpse was 
13°2kg. The autopsy and macroscopic examinations were carried out 
by Professor A. D. Speransky to whom we are grateful. The dura 
mater was found adhering closely everywhere to the remnants of 
the brain tissue. It was very much thicker than normal, especially 


at the posterior near the tentorium cerebelli, as well as along the middle 


line above the fissura cerebri magna where the thickness of the scar 
exceeded | cm. On its internal surface the dura mater adhered closely 
to the surface exposed by the removal of the cerebral hemispheres. 
There were no scars or the base of the brain. Scars were found in 
front, in the region of the olfactory lobes, which were destroyed by the 
operations. All the nerves of the base of the brain were intact and 
were not adherent to scar tissue. 

Transversal sections made from the medulla oblongata to the front 
end of tractus olfactorius at a distance of 2 to 3 mm. from one another 
have shown: (1) The lower posterior horn of the left lateral ventricle 
was absent to the middle of the thalamus; (2) in that part the dura 
mater modified by the scar adhered directly to the subcortical matter ; 
(3) owing to the secondary scar formations the cornu ammonii on the 
left . . . was hardly discernible; (4) in front of their middle parts both 
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lateral ventricles were intact and descended together with the fornix 
towards the front part of the base of the brain; (5) the right gyrus 
pyriformis was intact, the left was damaged ; (6) near the right gyrus 
pyriformis we found a well preserved portion of the auditory area of 
the cortex-gyrus compositus posterior. The rest of the brain presented 
no noticeable changes. 

In conclusion we should like to add that some of Goltz’s assumptions 
were confirmed by the examination of “‘ Zavetny,”’ i.e. that hemisphere- 
less dogs with or without minor damages to the subcortical matter retain 
more function and in a better state than has happened in the case of 
his dog. The same is confirmed by Zeliony’s dog, which retained his 
play reflex after his cerebral hemispheres were removed, and which had 


a larger portion of the subcortical matter than Goltz’s dog. 





SUMMARY 





(1) A small portion of cerebral cortex is sufficient for the establishing 
of simple conditioned reflexes. 

(2) Motor disturbances in hemisphereless dogs pass away almost 
completely in the course of time. 

(3) The sleep of hemisphereless dogs is deeper and sounder than 
that of normal dogs, owing to the absence of the cerebral cortex, which 
is @ more sensitive mechanism to internal and external stimuli than 
the subcortical matter. 

(4) All the internal functions of the organism (metabolism, tempera- 
ture regulation, &c.) depending upon the subcortex remain satisfactory 
in hemisphereless dogs. 

(5) Hemisphereless dogs lose sight and smell. ‘Taste remains more 
or less normal 

(6) Cutaneous sensibility to mechanical and thermal stimuli is 
lowered. 

(7) The unconditioned orientation reflex to sounds and noises is 
preserved 

(8) Exploratory (investigatory (reactions) movements of the head 
are preserved, and can be easily mistaken for olfactory reactions which 
in reality are absent. 

(9) The mating (sex) instinct in hemisphereless dogs may be 
preserved but incompletely. 

(10) Hemisphereless dogs are unable to find their food without 


assistance. 
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(11) We have never observed in “‘ Zavetny’”’ fits or convulsions of 


the tonic type. 
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Nowuve au Trarté de Vide Clie Faset li/é X\ Y Pathologie du SYSl me 
Nervewa (Bulbe, Nerfs craniens, Méninges, Moelle.) Paris: 
Masson et Cie, 1935 Pp. 984 Price 130 fr. 


This volume completes the system of medicine which has been appearing 
or some vears under the auspices ol Professors Roger, Widal and Teissier. 


Of the twenty-two volumes four have been devoted to diseases of the nervous 


en 
el 


y several years have elapsed since the publication of 
nsequently the system as a whole scarcely presents an 
irology of to-day Even in the volume under review 

some of the articles were written some time ago 

the meninges was originally prepared by Siecard who died 

ind in other chapters there is a failure to note recent advances 

the sphincters, myasthenia gravis and the combined 

degenerations olf t Ol But on the whole this volume, as its predecessors, 
tion of clinical neurology in which special emphasis 


diagnosis in which the French school has always 


quarter of the volume is devoted by Guillain and Alajouanine to 
liseases of the brain-stem: it is an excellent presentation of the subject, 
complete, concise, well arranged and adequately illustrated. It is, of course, 
largely concerned with local lesions, but the resulting symptoms are carefully 
analysed and diffuse and systemic affections, as polio-encephalitis, bulbar palsy 
and other diseases, are also dealt with. Froment describes fully diseases of 
the cranial nerves: his chapter on facial spasms is particularly interesting. 
The article in which he collaborates with Colrat on the optic nerve is less 
satisfactory. Sicard’s contribution on the meninges, which has been revised 
by Haguenau, includes seetions on the aseptic meningitides and on subdural 
and subarachnoid hwemorrhage. The symptoms of spinal compression and 


their pathology are described by Léri and Thiers, and other chapters deal with 


spinal concussion, hematomyelia, abscess of the cord and acute myelitis. 


The same authors, in collaboration with Liévre, discuss fully all aspects of 
tabes dorsalis and its treatment. The chapter on the combined degeneration of 
the cord by Crouzon is disappointing ; sufticient space has not been allotted to 
it, and recent work and experiences on subacute combined degeneration do not 
receive the notice they deserve. Léri and Thiers also write on spinal 
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muscular atrophy, amyotrophic lateral sclerosis and disseminated sclerosis, and 
Alajouanine on syringomyelia. The chapter on syphilis of the cord is scrappy 


and unsatisfactory. 


Lehrbuch der Nerven-und Geisteskrankheiten. Herausgegeben von 
Professor W. WeryGanpt. Halle a. S.: Carl Marhold. 1935. 
S. 663. Price 24.80 RM. 


In a short introduction to this textbook Professor Riidin emphasizes the 
importance to the student, the physician and to the State of dealing with the 
biological and hereditary aspects of nervous and mental diseases, and in the 
preface the editor also insists on the necessity of treating these conditions 
from the social and eugenie as well as from the clinical and individual stand- 
point. But though attention is focused on these important aspects, the 
reader will find that the treatment and discussion of nervous and mental 
disorders follows more or less conventional lines, though most of the authors 
succeed in impressing their personal views and experiences on the subjects on 
which they write. 

The long introductory chapters in which the wtiology, symptoms, psychical 
and somatic pathology, and the treatment of nervous and mental diseases are 
considered together is a striking feature of the book; this is a most praise- 
worthy method, as valuable to the neurologist as to the psychiatrist, as it 
helps to bring together two branches of nervous disease which have been too 
generally separated. In the clinical sections disorders of various systems and 
individual diseases are concisely but clearly described and discussed. The 
illustrations are not numerous, but are well chosen, and there is an excellent 


index. 


Diseases of the Nervous System : 1 Textbook of Neurology and 


Psychiatry. By SmitH ELLY JELLIFFE and WILLIAM H. WHITE. 
Sixth Edition. Pp. 1175. 1935. London: H. K. Lewis and Co. 


Price £2 Ys. 

The appearance of the sixth edition of this textbook, which was first pub- 
lished twenty years ago, is evidence of its popularity. It has been revised and 
in parts rewritten, but its essential features remain unchanged ; the first part 
deals with conditions which are generally regarded as neurological, the second, 
of 260 pages, with the neuroses, psychoneuroses and psychoses under the title 
‘“ psychical or symbolic systems.” In the latter section the subjects are 
treated on more or less conventional lines, but from a rather extreme psycho- 
analytic angle. The most striking features of the earlier chapters are the 
importance given to disorders of the autonomic systems and to disturbances 
in the functions of the endocrine organs in the xtiology and manifestations of 
nervous diseases and the large rdle which psychogenic factors are assumed 


to play in pathogenesis. Any new point of view is valuable if it is based 
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on adequate facts, but it is difficult to accept many statements found in these 
chapters, particularly without more evidence than the authors present, and to 


follow certain of their arguments. Gastric and duodenal ulcers, for instance, 
are attributed to a malignant psychogenic maladjustment, hyperadrenalemia 
with later exhaustion ” ; psychical factors are assumed to play a part in the 
production of myasthenia gravis, and psychotherapy is recommended as one of 
its important therapeutic agents, and myotonia is due to defective para 
sympathetic control raising the threshold of the synapse and thus preventing 
the immediate passage of the voluntary stimulus. 

The main features of the organic diseases of the nervous system are, how- 
ever, excellently presented, their etiology and pathology are clearly discussed. 
Here the extensive experiences of the authors and their intimate acquaintance 
with the literature are evident and both are happily blended. 

Though not a book for the student it should prove useful and stimulating 


to the practitioner and neurologist. 


Tumeurs de L’ Encéphale. Par PAULAIN. Paris: Masson et Cie. 
1935. Pp. 216. Price fr. 

There is little which distinguishes this monograph from the numerous books 
which have appeared during the last few years on cerebral tumours. It is 
based on forty-six cases observed in Bucharest during the past ten years, 
clinical and pathological details of all of which are given. As post-mortem 
examinations were available in almost all the correlation of the clinical and 
vutopsy findings would have been instructive if the clinical descriptions were 
more complete. The chapter on the pathology of tumours presents nothin; 
new. There are numerous illustrations, but the reproduction of many of them 
is not satisfactory 


Hughlings Jackson Memorial Volume. Edited by Professor L. BENEDEK 
Published by the Clinic for Nervous and Mental Diseases, Debrecen, 
Hungary. 19535. 

In celebration of the centenary of Hughlings Jackson’s birth the members 
of the Clinic for Nervous and Mental Diseases of the University of Debrecen, 
have collected a large number of their papers into this volume which has been 
edited by their Director, Professor Ladislaw Benedek, who has also contributed 
to it a sympathetic appreciation of Jackson’s work. The articles, many of which 
have been published elsewhere, are arranged according to the subjects with 
which they deal. The first section on psychiatric subjects includes nine papers, 
of which the most interesting perhaps is Professor Benedek’s on the effect of 
active immunization of patients suffering with nervous syphilis by non-patho- 
genic Spirocheta pallida. In another section seven contributions on psychology 
and psychopathology are brought together, and this is followed by a few papers 


on eugenic and hereditary problems. \mong these is included a valuable 
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review by Benedek on the relation of the traumatic neuroses to cerebral com- 
motion. But the majority of the fifty-seven papers which this volume contains 
are devoted to neurological subjects, and much valuable work is contained in 
them. 

The volume is not only a valuable collection of papers but also an indication 
of the clinical and scientific activity of an important centre of neurology and 
psychiatry ; it is also welcome as a token of a friendly spirit of international 


interest. 


The Anaton y of the Nervous Syste mM. By S. W. Ranson. Fifth 
dition. Philadelphia and London: W. B. Saunders and Co., Ltd. 
1935. Pp. 501, with 381 illustrations. Price 27s. 6d. 

Since it first appeared in 1900 this textbook on the anatomy of the nervous 
system has proved its worth and acquired the popularity with teachers and 
students which it rightly deserves. It was originally so well planned and so 


complete within the limits intended by the author, that little change has been 


necessary in subsequent editions, though new facts or conceptions significant 
from the aspect of structure or function have been where necessary included. 
This has necessitated considerable revision in the present edition, but the chief 
addition to it is the inclusion of a series of illustrations of the fibre masses 
ind nuclei as seen in sections of brain-stem and fore-brain at the end of the 
volume; these constitute a comprehensive atlas which will be extremely valuable 
for reference as well as for the student, more particularly as the more important 
structures in each section are fully described in the accompanying text and 
their significance pointed out. 

The value of this textbook for the clinical student is that it is, as the 
‘ written from the standpoint of development and function,” by 


author claims, © 
in this respect it contrasts with many textbooks in 


one well fitted to do so; 
which anatomical facts are recorded without reference to their functional or 


clinieal significance. 


Clinical A spects Of Visceral Neurology. By W. K. LIVINGSTON. 


London : Bailliére, Tindall and Cox. 1935. Pp. 254. Price 22s. 6d. 
The book opens with a section devoted to the anatomy of the visceral 
nervous system and to the many physiological hypotheses now current in 


connection with it. The pharmacology of the system and the problem of 


visceral pain are also fully considered. 

Part two deals with those clinical conditions, believed to arise from disease 
or disordered function of the visceral nervous system, for which visceral 
nerve resections are performed or proposed. These include occlusive diseases 
of blood-vessels, angina pectoris, Hirschsprung’s disease, disorders of bladder 
function and dysmenorrhea. Chronic arthritis appears now to be added to 
the maladies treated in this way. 
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This list indicates a tendeney, which is not unfamiliar when some new 


division of the nervous system comes into the forefront of clinical attention, to 







lay to the charge of the visceral nervous system disorders with which its 






connection is not yet wholly clear. 
Surgical opinion has not been inclined to wait upon the filling of these gaps 





in our knowledge, and numerous, ingenious and somewhat experimental 





operative procedures have been devised and performed for these various 






maladies. It is satisfactory to see that the treatment of spasticity of the 





skeletal musculature has now finally disappeared from this category, though it 
must in justice be admitted that the new era of visceral neurosurgery owes its 








origin to the work of Hunter and Royle in this direction. 
The reader will find «a comprehensive summary of the literature of the 






subject, together with detailed accounts of the author's own work and 





experience. To the surgeon the book will be of especial interest in its technical 





aspects. 
There is an exhaustive bibliography 








Untersuchungen tiber die Fruchtbarkeit qewisser Gruppen von CGeistes- 





kranken. Lota Psychiatrica et Neurologica. Supple mentum J ITI.) 





Von Erik EssEN-MOLLER. Copenhagen: Levin and Munksgaard 
1935 Pp 314 






The material for this thorough study of fertility among the insane com 





prised nearly 5,000 cases of manic-depressive insanity, schizophrenia and 






epilepsy, together with 1,000 normal persons who could be used for comparison 





Two years were spent in collecting the data, which have later been submitted 






to a statistical analysis, here clearly and simply presented. The conclusions 






reached confirm the general impression of psychiatrists on this matter and are 






explicable without resort to any hypothesis as to an intrinsic connection 






between inherited fertility factors and those responsible for the mental illness. 





\mong many interesting data are the figures for the number of children born 





prior to the first admission to hospital: from these and related statistics it 






may be recognized how small an effect compulsory sterilization of insane 





patients would have on the incidence of such illness in the next generation, o1 






even in many succeeding generations. 









Nurzgefasstes Lehrbuch der Psychiatrie. Von Johannes Lange. 
35. Pp. 254 Price M. 8.70. 


Leipzig: Georg Thieme. 1° 






This is, in intention and effect, an elementary textbook of psychiatry; as 





it expressly avoids all discussion of unsolved problems its interest for the 





advanced psychiatrist is in inverse proportion to its value to the medical 





student and the general practitioner. Its size and detail are clear indications, 






however, of the range of assured knowledge in psychiatry, too often overlain 
by research questions or belittled in favour of speculation. The direct style 
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and orderly, rather dogmatic, presentation are in accordance with the author’s 


modernized Kraepelinian approach to his subject. 


Alcohol and Anesthesia. By W. Burriper. London: Williams and 
Norgate, Ltd. 1934. Pp. 65. Price 2s. 6d. 


g 

An experiment on the perfused heart is here the starting point for a series 
of loose analogies and views on the nature of neural energy, mental processes, 
and the action of drugs. The author’s style is polemical and diffuse, his 
terminology novel, and his opinions, especially as regards drug-addiction, 
hardly justified by the facts and arguments adduced in their support. 


Psychometrics, a Study of Psychological Measurements. By JOHNSON 


O'Connor. Cambridge, Massachusetts. Harvard University Press. 
London: Humphrey Milford: Oxford University Press. 1934. 
Pp. 292. Price 15s. net. 


In this report of a statistical research in psychology, the reliability of a 
number of tests is brought under review and certain mental elements defined. 
The criteria employed for definition of a mental element were that it must be 
measurable, must have a reproducible skill curve and must be independent of 
age and experience and of other mental elements. The seven mental elements 
isolated in these experiments are summarized as personality, tonal memory, 
engineering aptitude, clerical aptitude, tweezer dexterity, finger dexterity and 
creative imagination. The methods of experiment and of evaluation are fully 
recorded. The work, admirably precise and technical, is a useful addition to 
the literature of industrial psychology. 





Writers of ‘Original Articles and Clinical Cases” are supplied free of charge 
with 50 copies reprinted in the form in which the paper stands in the pages of 
‘Brain.” If reprints are required in pamphlet form, with wrapper, title-page, 
&c., and re-numbered pages, they must be ordered, at the expense of the writers, 
from Messrs. BALE, SONS & DANIELSSON, Ltd., 83-91, Great Titchfield Street, 


London, W. 
Members of the Neurological Section of the Royal Society of Medicine can 


obtain the Index of ‘ Brain” for the Volumes | to XXIII inclusive, that is, from 
its commencement to the end of 1900, from Messrs. MACMILLAN & CO., Ltd., 
St. Martin’s Street, London, W.C., at the price of 6s. 6d., post free. 

To those who are not members of the Neurological Section of the Royal 
Society of Medicine the price is 8s. 6d. net, and the volume may be obtained 


through any bookseller 
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